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Abstract. From May 29 to June 3, 1595 a blind insercomparizon of six ambient foemaldebyde
meeasurement techniques took place at a field zits near the Matwisal Center for Atmosphenc

Research in Roulder, Colorado, The comtinenus measarement methods m

wEre bun-

ahle dicde Tnser absomption spectroscopy, [TDLASY, coil 4-dinitrophenylhydrazme, (CONPH);
1, 3 cyecbabexaned ione-diffasion scrubber (CHIXOS); and the coil eneyme methed (CERNZ). In
adkdition, two different cartridge mothads wers compared: silicn gel-2 A-dinirophenylhydrazine
(DFMNH]) systems and a C-18-DNPH system.  The intercomparison was conducted with spiked
zero asr (part 1) and ambsent air {part 23 The CH,0 standards for par | were calibrated by
several mdependent methods and deliverad to participants via a common glass manifold with
poieniial frace gas interferants common 10 ambienl gir {0y, 505, NO., iscprene, Ho00, The
TOLAS system was used w confirm the ahsolute sccuracy of the standards and served as g
mission reference for part |, The ambient phase lasted 44 hours with all participants semgpling
from n common glass wwer, Differences besween the ambient [CH,0] abserved by the TDLAS
and the pther continuous methods were sigrificant in somss cases. Em miztched ambieo

measurement times the average ratios (t 1o [I:H_!t}]m
JCOMNPH); 1.3 £ 0,02 (CHDDS); 0.63 £ 0,03 (CENZ),
tions but different absolute values and the divergences

[-EH U'] DE;]:'S were: 089 L 012

owed similar vasa-
b3 n:auh barpely from calibrateon

differences (no gas phase stancards swere used by groups ather than NCAR), When the

tepressions of the partcipant [CH, O values verses the TDLAS values, (measured in par [,

were used o normalize all of 1the resulis W !lemmmn'n. gas phase stardlards of 1he MCAR group,

ke average ratios (+ 1), [CHyO] ﬂ-l 5 for the first measurement period were
EEJ 8 E [h:l :|: I] ]

myuch ¢loser o uniny: 1.04 £ 004 (

1 {CHDDS), and 0.E2 + 0.08 (CENZ),

With the comtineous methods used here, no unequivessl interférences were seen when 50,

MOy, O, and iseprene imgueriies were added to prepared

e o whin these were present mn

ambient air. The measurements with the C-18 DNFH (no Oy serabber) and silica gel DNPH
carridges (with Oy scrubber) showed n reasonable correbstson with the TDLAS measurements,
although the resules from the silica cartridges were about & factor of two below the standards in
the spike experiments and about 33% below in the ambient measurements. Using the NCAR
gns-phease spike data to calibrote the response of the silica gel cartridges in the ambien stodies,
the resulis re the same within siatistical uncerininty, When the same gas phase calibration was
ased with the C-18 cartridges, the results showsd & positive bias of abowt 35%, presumably
reflecting o positive coone interference in this cage (oo ozone scrubher used), The silica DNPH
cartridge results fimm the second partscipant were highly scatiered and showed no significan

correlaion with the TDLAS miasunemenis.
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1. Introduction

Farmaldebydn (CH,L0) 8 & ublquitous component of both
the remole atmosphere end polbaed wban stmeapheres. b is 3
peimary emmission  proedoc)  from h}'dr-uuu'hnn combastion
sources, such & the insermal combustion engime, and i pro-
duced in the ainsasphere by the phoiochemscal oxiddtion aof
methane sed ke preat variety of nonmethene hydrogarbons
{MATHCE) which sre presemt in most iropospheris @ masses
[Manional Research Coumcsl (WRCL 19311 The predomisas
source of urban formaldehyde ix  bebicved e be the
phisooxidsison of the mamy hydrociibans that are present in
the simodphere [Afhuller, 1993) In noval areas of demse
vegetanon, bicgenic spces are often the dominant precersor.
For example, soprene oxidation imitiated by reactions with
eather OH or Oy efficently forms formaldehyde along with
several other key atmospleric species [Pavleon o o, 19928,
b|. Formaldehyde is the most abundis gas-phise carbanyl
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compound in bolh wban arzes wod the remoie troposphere. In
the lase 6075, formaldelpde conceptrations preaser tham [ 20
ppbv {parts per ballioss by voluow) were chserved by un-
mmbiguous apechroscapic technigues {Faurier transfarm infa-
red (FTIRJ m polfuied wrban meas near Lo Angeles [Soon
Research Loborafosier, 1968] During the 1930-1905 pericd
the sparse dats eveilable show that the sverage comcentrations
im many major cities ranged fom aboot 3t 16 ppby with
raxime ot Bigh 25 68 ppby in Downcy, California [ Grogiean
et ol 1993], Representative of mone peendiie localians, typkeal
aversge coicestrations for the Colorade Mountains are arcand
| ppbw during the sumemer-fill maontks [Herder of ol 1997a]
wrel between 50-500 patv (perts per toillion by valume] for
Meone Loa Observatory, Hawail [Zhow of af, 1996 Mackay
e al, 1996, Heikes, 1992, Hedkes ef ol 19%a]

[ederast in ambienl concentrations of CH3D derives both
froen pomcems over healll effects [NBC, 1976, 1921] and fom
the prnary role thet forrmaldehyde plays m tropoepheric
chemistry cycles [Cahvert, 1980] Photodecomposition of
furmaldchyde pooars throsgh fwe distinet modes [Horowilz
and Calvers, 1970; Moortgal aed Warmeck, 197%; Moorigal
at wl, 1980, 1983]

CHyD o+ B (& < 337 e} — TBCO + H {1}

CHs0 -+ by (o= 360 ami < Hy + CO LY
In the kower amwesphere the primary process la @ always
falkowed by the pereration of HOYy radicals:

H o+ 0 + M{Maly) — HOp + M [Pi0s) (2

HCO = Oy — Hiy + (X0 {3
Thecugh reactions 1a, 2, and 3, Tormaliflehyde is a major soarce
ol add hydrogen ([HO4] + [OH] + [H]) in the atmosphere, and
as such, it is am importist drivieg force in coaverting MO o
By with sobsequent Oy genersiion [Camired] ef al, 15510
The process b mepresenis ome of the majer sources  of
aimospheric ©0 and molecubar hydrogen in the nonurban
tropasphere.

Accarate meammements of Tormaldehyde are crifical o oar
understending  of the everall  mopospheric  chemisgry
associsted  with  hydrocarbon  omadaison, the  processes
contmolling the odd hydrogen and the nitogen cycles, the
global budgets of OH and OO, and ropospheric ozone
generation [NRC, 1991 all key issues in atmospheric scicnce
today. Becsuse of the importamce of formaldehyde, researchers
have deveboped seversl independemt dechnigoes  for ils
meanipeisent @ ambienl air, Seversl speciroscopic techniguoes
have beem employed: Fourier ransform infrared peelroscopy
(FTIR) [Scou Repearch Loborerories, 1969, Lowsos o &l
[590), differential optical sheorpiton spectroscopy (DMRAS)
[Plar and Perner, 1580, Harder e al, 1997b]. and unable
diode lase shsosption spectroscopy (TOLAS) [Marris ef af,
1989, 199, Mackay of al, 1990, |99 Harder of af., 19971)
Several contineous, sulorted sobaikon phase mothods hawve
besn developed alse: the ecil enzyme (CENZ} flucsoemetnic
method [Lazrus of al, 1988; Medtes, 1992, and Hadkes of al,
193¢], the eyclohexsnedionz diffusion gepubber (CHDDS)
meihod [Fow end  Pasgupra, 199k and a coil 2.4-
dinitropheny ibydrazine  (DHFH) dervatization  techmigue
[CTNPHY [Lee and Fhou, 1993, Zhow er af, 1996]. In
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gdialem 1w chese combinuous  messsement  methods, &
widespaead use has boen moule of MPH sibioa gel cartndges
[5G0 and DNPH octadecylilics cansidges (C-18 3000 feg .,
Fung and Gresfeen, 1981, Fhou and Wopper, 1990) for
example, these techmiques ane now employed in 1B exiensvwe
measuremend progiam of the Photochentical Assessnuent and
Munitoring  Staisone (FAMS) in US. wban s which
exceed the mational amblesi air guelity standard B ozone
Arising from such widéspread s, considerable effort has been
tdewoded 1o siedyisg and companing the tesalts fom the
varions DMPH carridge methods, These studies sugpest thai
there may be subibe but impontant differences fon sampling with
C18 silica gel versus silica gel and (hat the presesce of caone
in the sampled air {unscrubbed) may  exacethaie these
differences [ g, Rodber owd Fivks, 1994, Rodier of al, 993
Sirfw and Shepsown, 19935, dents and Tafoda, 1935)

Bgwiral imfercomparisans of both the continoous aed the
imdegrated canridges techniques of [CHyD| measorenents have
been cerried oul in fecent years Kleisdienst of af, [E92E]
compared TDLAS, CENZ, CHDDS, CONFH, aad SGC
methods for [CH;0| (1-100 ppbv) in prepared laboratory
paixtares and ambien air, Lowson of ol [19%0] employed FTIR,
[HIAS, TDLAS, CHDDS, CEMZ, and 500 methods to
determime [CHy0] (4-25 ppbw) in urban ambient air; Heikes e
al [1996] and Mackay er al [1996] comparsd [CH30)
measuremengs uiimg & TDLAS, CDNPH, CENZ end an
immehilized enxyme sysem [G Kok, Moiconal Cenger fix
Atmospheric Research (HCAR)Y, privite communication, 19%1-
1933} in clean remote background asr at Meuns Loa, Hawai
{50-500 ppivl; Micke et al. [1996) compared [CHO) in
stamadards {mo imterferants added) and dn asobient aar (0.8-15
ppev) using TDLAS and CENZ vechaiques, Hoeder of al.
[1997a] infercompered TOLAS and dong-path THOAS systems
in measurements of [CHa0] in embient Colorade mountain ait
[0.8-1.5 ppk~). Typical af the varialicons seen between dallenent
pechniques In previous [CHy0] smercomparisons ane those
reporied fom the wrban air susdy of Lawsan el al [1980], In
the 4-25 ppby range of [CHLO the spectroscopic technigues
agreed to within 15% of their commaon mean. Compared with
the spectrascopic mesn, the CENZ technique gave resalts that
were ahout 25% hipher, the CHDDS method pave values
phaiit 29% lower, and the DNPH SGC cartridges pave values
|5-20% lower, with somewhnt lower walues for the longer
sampling periods. Much |arger differences were obtsined in an
iSiETepATISon i pristing aif masses [Heiker ef ol , 1996],

The resulis of all provious intercomparisoms paint 1o
unsesalved fundamental mecasiresent and calibratsn 1ssues
anil pegpesl stromgly hat fusther work is seceitary 10 resolve
these problems. Commman CHy standards were not employed
i most of the previous sbadies, and the rensoms for 1he
devigtions  seen  between  methods  remains  largely
anesphisned, The present CHpAD intercomparison smidy was
designtd 10 address these issues; it employed the gencrstion
and verifiention of CHyD refierence standards, based on several
independent  experimental approaches, This proved 1o be
imvalushle m the subsequent inferpretation of the daty

Ir puaet | of chis study, CHy0) referesce standards {23 10 6
ppbh m & synthetic air e, including podentasl interfer:
amis, were inpul fo #n all-pliss-sampling manfold asd pre-
sented as umknowsd (0 the operators of the sin experimental
pecheiques. The contentration range cmployed bridges the gip
betwess froposphenie  hickground levels and thess encoun-
1ered im rural i modersely podluted urban areas. Tn this pant af
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the stody, 1 TOLAS developed i NCAR [Pricd of af, 1997
was employed as part of the mosion reference. Sie [CH3O)
meeasurenent techmiques, representabive of a cross secticm of
the meihods currenily wsed w fiedd measurement programs,
wore indercompared in this sbedy: the DMFH ooil techmique
(¥.-M. Lee, Brookhavem Malioml Laboratory (BNL) [Les and
Lhow, 1993]); CHODE employing the Hasizssch reachon (&
Gieafe and P Daggupes, Tesas Tech Usiversity (1TU) [Fa
and Dargupra, 15998 the floweng, coll enzyme method (B,
Heikes, University of Bhode loland (URD [Feikes, 19932])
twe incegrated swmpling 1echmigees employing  silica  gel
cartridges impregnated with DMPFH (B, Hopkins and H.
Westherg, Waskingion State University [(WSL) and T
Kleindienst, ManTech Envircemental (MTED, and the DMPH-
C-18-8GC integrated sample technigwe (T. Kleindienst, MTE)L
Inpart 2 of this study, the same sin methods were used to
sample ambiznt air supplied ffom & common glass inlet tower.
Dearing this phase the TDLAS was an aclive participant. The
resalis of the presemt siudy will belp in dofiming  the
limitations of current methodolegies and in the Farmulation of
mecommendations for CHpD messurement and  calibration
swektegles o be Seployed in futee lange-reele feld snsdics.

2. Experlment

Site lecatiom and profocol. The 1993 intercomparisan
study was held ot o fleld site Jocated om the groumds of 1he
MCAR  Mese Labomiory  (39°53°45° Istitude, 1880 m
elevation] during the period, May 20 10 une 3, [995. The tme
end location of tee intercomparizon weee chozen in order to
ohtain both the low background levels of formaldetiyde (5040
ppivi and the poiential for kigher lewels (=00 pphv],
churapteristic of urhas environments. Ambdent measurements
fior CHO were taken by all participants al the NCAR gite from
1200 of Fane | wntil 1800 of hamc 2, 1993 (firsi period)
However, both the TDLAS (NCAR) asd the CEMZ (LURI)
wysserna conlinued o sampis fom (800 of ke 1 emiil che
OB of Mame 3 {second messsremend penod). Samples were
ikken contimoosily  except for perinds of calibmation and
neceigary inberrugts during the measurement cycles of the
conhinuoas iestrumesis; for the ceriridges, sampling Limes
ranged berween 2 and & hoors. During the frst day of the
amhbienl mensurement (fune 1} the westher was sumny and
clear wilh moderate temperatores (30°-14°C) during the day
and glesr with a alight wind w1 might. The second day (hune 2)
wag akn sunsy untl lwe afiermoon when @ mmined with
increagssng  Intensity  heomghous  the day, resulting  in
somewhe conler fesnperabares.

Because of the role of the TDLAS system during part | of
the study (the standerds phascl, the sciemtist tn charge of ite
operation (Fried) was an inbegral part of the referee groap for
this phaze. In addition so provedisg verificstics of the
calibration souwrce, the TDLAS sysiem wes slso used io
measare e acual CHLO concentrations delivered io the glass
mamifiold on & continoous basis. During parl 1. the ambien|
measurement phase of the study, the TOLAS sysiem wal
treated as another participant, and these tesald were suh-
mitisd blind to the referees (Calven, Aped, Gilpiagk

The phiysical arrangeonents & the isdescomgparison  aile
consisted of two large shipping contaimers (sea-tuiners) set up
o house the pariicipenis asd thelr equipment during the
cxperment. Ses-tatmer-| (Figuee 1&) housed the MNCAR
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(a)

Figare 1. (2} D¥agram of the glass manifold in sea-taamer-1 used
in the properation and delivery of the preparsd Sandard
[CHZD) mixnres i the paticipasts in sea-tabser-T, sce wean for
detwils of #8 wse, () DHagram of the permeation'difPasics nhe
wysseen employed in the imercomparisom. See the discussion in
the eexe, MFLC pepresents a mass flow cosdraller.

personnel pdong with the TOLAS, synthetic air manifold, and
stardlards genersiton equipment. Sea-famer-Il howsed 2l five
other participents and Eheir sgoiprmes).

[n part | of this study, panticipants were challonged with a
syethetic air mizfure from & common ghiss manifold containing
accurately calthrabed standard samples of CHaO (eosposition
knowen only 1 MOAR perspased, ses-tuiner-[) wnd varying
coneenirations of the potestial |mderferants, M0, S0y, Oy,
isoprerse, and waler yapar, representing either imteresting test
case gcenkmos of ambiend s [n opet 2, ambiem air was
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sampled From o common gless manifald cower, Bl min lengih,
entremce & 0 m shove the greoemd; & TAG® kend ar the top of the
columa pombed the inbet toward the grousd and prevenced
precipilation foom entoring

The nefomon grsap disclosed o the pamicipanis the general
rangs of ke stancdard spikes of CHL0 (1 10 10 pplwh and the
itmes Lo begin &md o op samplog. Preliminary daka from the
semlinuoas  echrisgues, inckading che TDLAS system, were
aabimsiied w0 the NOAR referce group immediately after the first
slandarde 15t (evperiment la, Tabls 1) with the imtent ta
identify any - poseniel magor problems at the marliest possibie
dtaps. Apalyses for the tao caridge groups wiere performed ag
their bomne laboratories, and their resalls obtanmed 8 pen |
codahd not B2 reponied to dhe referees until afier the sudy was
coenpleted. The reparted prelimicary [CH] resulis fiom ihe
CEMZ (URD system wern approsimalely 4 fciod of 2 lower
than both the TDLAS messwed values apd the calowlated
inpit walses. The TTU scientists repodted an unceriminty im
the accurscy of the CHODS sysemn which requited n home
laboratory  calshraticm, s0 the preliminary  resulis  were
repomied  dureng  the  inpercomparisan as  uncalibreled
insArumant sigral, A pecliminary valoe = L5 ppbvy was
reported iy eaperiment b fran the CDNFH system by the
BML sceeatist (MOAR wvaluz 1.70 ppby). The reforee group at
thal time #sked the paricipents 1o cheds their systems 1o
cron:  Thil they  were operating  properly.  Meither  1he
direztan nor the magnitude of the discrepansy wen: divalged.
A comprehensive  discussson  of these  resulis and  dbke
At explanations are given in sotion 4.

Ar o tiims were dala exchinged Beracen groups dusmpg of
adter the intercomparicos. Prelipimary results were repored 1o
the referees (CHDDS as row sgeals) at the end of each day by
the operstors of the continoous methods. Fimal resubis of sl
mraguremenis wers rabamed within @ few wesks directhy fo the
HCAR referes group, The reponed mesuhis, topether with a
sommary af'a peelimesary sfudy of thise results by the KCAR
ErOUn, Were senl 1o all parucipants on July 28, 1995, and a
worshop bo discuss e resulic was Bedd ar MOAR fom
October 11-12, 1044,

Calibration of formaldehyde gas phase standards. An
rmportant and unique aspect of the present inbescomparison
inedly 18 The high degree of comfadence in the absolute aocuracy
ol the CH;0 gas-phase standards employed The ouatpat
conientraficm o those sendards was defermined  ®ndfor
verfled by emplaying four mdependent lechndques: (1) a
standard generation syssem based om Henry's law, [ 1) direct
absarption speciraacopy using tse TEHLAS sysem, (31 & dual-
chambered  permeation  calibration  system, and (4] two
carridge techmigoss, The Henry's law devics (HLDY, which
was wtilized for TDLAS ealdbrarion, provided the common
slenderd sgainst which the ather approaches were meforencod.
In a lifih techaique the HLD ousput wis raisced 0 8 methane
standard b0 provide mssurance that dhis systeon was greble
throughout the sbady, The HLIF provided e 5 ppbv mange
warking siandards for par 1 of this snudy (experiments 1e-6c",
Teble 1) Lower concentrations ia the 0.3-1 ppby range were
goneraled by the permestion calibraivon system {experisnenls
l&-5B, Table 1) These spprosches have bess discossed in
dezsil by Fried ef ol [1997] and will thus be desenbed anly
bmefly here,

The HLD was also an integral part of the TDLAS system, It
wis st 1o deliver known CHypD concentrations in the 3-12
neky manee B the TTVLAS fr Fequent caldhragion PTG AT
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|7e Fravd gy ol 199T) The HLD-Calibrated outpul was de-
teremined using e tempesahme-lependent. Henry™s lew eo-
efficients of Duwg and Dasgapin [|736], alusg with moasmre-
enenils of pressane, emporalurs, Tow, and selubion coscsoira-
tices, On April 15, 1995 (epproxcimacly |5 mons grior o
the imercomparison study), o fresh squeos solmion of CHa0
(B4l + 003 pbd) was prepared and standardized by using ke
Dimedon resgent {3, S-dimethylcyclohexanes1, J-dione)
sagpesied by Yoo and Keid [1541] Approximately 0.3 L was
uszd fo fill the HLIY, and the remasnder (s 0.7 L) was siored in
the dark in & volumetric flask for laker disseminalion bo the par-
teeapants. The HLD was maintained at 1827 C throughoul this
study. A series of HLD otpul concenlralong ramging  fom
130 tp 372 ppby were pencraled usang only one stage of dilu-
ton amd mesmred by direct sheorplion wsing the TDHLAS
syecems A tnwed of 40 direcs absarpiton detesminations were
carried out o Apridl 28, 1995, [n this proegedure the laser
midaleion was fumed off, and ithe incident and irmnsmiited
intemiities were measured as the laser was  repetitively
scanped aoross the CHpO ahsongiion  feapsre ar XH31.6417
cm’! see Figure 2}. This absorpiicn line, which was employed
for all TDLAE mezsuremenis thronghout this study, is clear of
any known spectral interforences [Fried e al, 1997). The
Ebove nlensitios wore used together with measurements of
ermple pressuge (= 31 tam), crell temmpersture {36.R°C), path
lengah (0001 ). amd known spechioscopic  paramebers
{absarpiicn coedficient, Doppler, and prossure-brosdeming co-
efficienis) in & nomlinear bast agoares. GTing routing o delee-
mire both the absorpiion @ the Hne cemer amd e Integraned
absorption acress the hine. The HLD cutput coscemiration,
which was determined fom both parameters, typicelly sgreed
to within ¥ Figure I shows the observed fie, and residual
aptctna oblained for one of the measurement runs employing &
271 pphy CHEO standasd. The 40 direct absmpiion desermina-
tions resubted im HLD outpur comcentrations which averaged
24%% 4 0.6% (1o precision) bower than thet caleuloted feom the
Henry's law parameters a0 182°C. Given that the direct
shsompiion  detsrrninaticed have a bolal |6 umcertainy
{estimated systemaric plus random) of 4%, this level of agree-
ment was conzidered to be exesllenl,

Bicanss the HLD was an integral part of thes stedy, =
mnnisg 1echnigque employmg & CHy slandard  was imnple-
mesied o guard agamst sysiemaiic eror des o degrdation of
the HLIY solwion eonceniration [Fried of al, 1997 This
procedare uses CH, &3 an infomal standard for the TINLAS and
elloas ome to check on the slability of the CH0 standard. On
seven cccasioms from April 37 o May 9, 1995, the well-
chiracierind HLD output concentraison was sumipled by the
TOLAS system aimulencousty with known comcentrations of
El_-l. {a 1740 pprevy {parts per million by wolome) CH,leir
minrare]) empboying 8 CHy sboorpiion line az 28309199 &l
The sesponse faciors, Royo and Roy, (where & = gignal
coumis ppbvl per usit leser power) were determmined, end am
average ralio Bry o Moo = 000302 & 0.0005 (10 precision, A
= 67) wad calculated. The  calculated Heney's  law
concentrations  were employed for this  purpese.  Upon
campletson of the nlgrcomparison shedy om Tume 3, [995, we
meszared & fBpyye = 00311 +£0.000 (o precsion, o =
10. This mndicsted that s HLD sclotion concentration was
stable fo within 3% aver the course of the 1. 5-month time spas
cuvering the preperazioes snd the (nsercompanson study.

A further test of the [CH30) outpat of the HLD was made
using fwo carridge techmiques which were bed @ known
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at temperatuee = 18.2°C, [CHAOL 4y = 641 mM, msasaements Werd miade approsamately | manth prior to the
inberoompisison. The dats were acquired using (e Toneble Diode Laser Absorption Spectroscopy (TDLAS)
systerm (ZRE1.6417 on!; samplo pressure, 196 o pathierigil, 999 om cell temperature, 26.8°C), Under
(hess eoaditioss the pheorption line profile ie sccurstely represented by a Woigt function. The curve (thick
glid lise) and points (open circles) arc the Yoigt fig (monlinear least sqpaares) and original date, respectively.
The resubting fit yiedds a [CHpO) of 266 & 11 ppby [1oas] 1o random and gyslemnatic uncerlainly esiumate)

compared with a calculated HLD vatoe of 272 ppbv.

gis-phase standards and cartridge specific blanks. In the
shsence of iacerferenis, these iechnigoes, clibeared by
gravimetricilly prepared standard schiions of the appropriste
derivatives, ibould provide & wseful additional CHpO
calibratios method of Hmised precision. Samphes taken by
Rhosds Skaggs and Dave Lehmpedl (gaduate students with
I Barles st University of Colorado, Bousler) o May 1and 3,
1995, were amahand by two different iechnbgques. Ome method
emploved silica gel canridges cosled with dansylhydrazine
gnd enalyzed by High Pressurs Liquid Chromatography
[HPLC). The other method employed C-18 cariridges costed
with  frichlorophenylhydrazine  and  amalyzed by Gas
Chromatography  (GCL  Colleetively,  all  the cariridge
determinatsons (8 = B) pave an average [CH;OJ which was
T E% + 16.%% lower than the calculated HLDY concernirations.

Ap bmportnt aspect setting this study apant from past in-
wercomperiseas of CUH;0 meassement lechniques was the
development of & second  independent  CHpO  standerd
geoeration system based os permeation fubes and employing
gravimetry as the method of calftmation. This development waa
comsidered crucial im onder to mvestigase the averall accsracy
of this study. Independent methods of standards gemeraiion
which agree iscrease the confidence in the overall accusucy of
thee standards. This systemn conststed of an aluminum oven kept
at 500 0.1°C which housed two CHyD permeatson fubes
cosixining @-polyoxymethylene; refer g0 Figure 1h,  These
tubes were comtained in glass housings with hydiocarban-fres
air  condisuously  flewing  over  tem Three-way
perfheoroaleony (PFA) Teflon valves, a 1 alim (rarsdard liters
(760 tner, 0FC) per missie} mass flow contredler, end a pless
Aibution volurme wers used bo control, mi, asd dilute the per-
mestins tube CHyO effbeent to the pans per million and parts

L g =il ione; thoee nues 1kan

Farther diluted to lower past per billion and pari per mrillice by
volme Jevels within the glass manifold (Figere la). From
previces studies it sppeared possible that whe permeatson
weight loss could have s subsiantial comiribusion fom prod-
ucls other then formaldehyde (sech as Ha(, CO, Hy COy. and
CHyOH [e.g.. Spence ond Hild, 193%; Calverr and Sieacie,
19511, fowmed during the generation of CHyD vapor fen the
therenad depolymerization of the polymer mndiod Betsfogeneous
thesmal decompesition of CHyD itself I¥ this ocourred, it
wenld give mse w sysiematically high CHaO calibrations.
The Kin-Tek CHi) tbes employ o-polyoxymethylene
inseend of paraformaldehyde. As discoiscd by Walter [1964],
the a-form kas exeniially the same stnscrore as the par-form
except the degree of polymerizstion is much higher, This
results in higher coysialline soecture  width  less  HyO
chemically combined or physicslly sdsorbed thas in
paraformsidelyde.  The rew  permeation  fhes  were
characterized over a 1.5-year period using & Mettler balance
capible of measuring to 4 10 g Bates of weight loss of 123 £
0.3 (200 and 526 £ 03 (20} ng'min, respectively, were found
fir the two ubcs held w500 £ 001°C, The first permeation
fube, when cmes calibrued with the Hesry's low stendasd
using the TDLAS & the measurement device, gave [CHyO]
estirmubes thet were 1.7 £ 7.E% lower (n = 2} than the weigh
loxs measurements, The second permestion tube gave valwes
1.9+ 1. 3% higher (n =) than the weight loss messurements.
Thus products fom the permeation fubes other then CHyD
vapor st umimportand here, The four independent technigues
resphied in o equivalent CHyO  calibration  concestrations
withis & & 6% mange, This agreemeni | good considering the
escrive naters of CH3O and probles encountersd in previ-
qug standard determinations.

Experimentsl design of the intercomparison, Past | of
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the milercomparizon was dessgned o evaluare ihe BECLLECY
imd pgreement berween 1B varmng Fecheiques Mg
L0 T made wee of the wellcharpeseriped commoen source of
CHP i o prabrix of whirepure zero air, with and wighon added
mmpurities. A glass mamifold (Figusre la) was consgrocied and
set up im sea-tamer-[ with ibe sampliog inbet pans of each par.
lecapant coneected By 14 inch FEA Teflon 1uking (leapehs
varied from 4.3 1o 10 m) to their mdivadual inatromeniation
housed i sea-tamer-f), Serubbed smbient ar, with bess than |
ey water &nd ambedial [evels HCI:l;, was dupplied at mates
Lp ta 33 glm o the manifiold by a zero @i generator {Aadoo
T37-125 The manifold {shown in Figure 1a) was configured in
on L shape from 2 inch dianseber Pyrex glass: the gas introdoe-
iim section was Ml inches lomg snd the owiler section 4%
Iches klllll;. Tha £ 1] imlrodocison POTlE WEne curved, and
glass indemtatioms bocated af the bend genersted bebalence to
Facifitate mining of praes being dibaed with 2em ak,

The CHyO standards wers introdessd inle the masifald
along with several poteniial interferants, S0y, Wi, and is0-
prene, from high-pressure eylinders thet cantained concentra-
floms of M, 0%, and [0 pprw, respeevely. These standard
mikluns were prepared by Scooft Specialty Gases, Inc, cross
althraied agaimst standardzs  previowsly chamcterized  at
WCAR within the Atmospheric Chemistry  Division, and
introdoced imto the manifold through mess flow conirollers at
appropriste flows o pive the depsed panm per Billice by
volume concentrations when dikated by the mein flow (30
slm], The fimal conGenirations of MO and 50y were momibared
uging a TE 425 chemiluminescence K-NO:-MO, anzlyzer (m
b MOy mode) and & TE 435 palsed Muorescence 505 analyzer
(Theeme  Esvironmnental  Insmuements e, Watkam,
Masachusetis) lsoprene  cuncenfrations  were mowmitored
through grab samples iaken with stainkéss sieel flasks with
anakvsis by a gas chromatopraph equipped with a flame
sonization detecior sysiem [Hewlest Packard system 01 55907
Ozpne was delivered inta the mamafold by fowisg wicrehigh
purity (Mathesos parityd O ower a LV lamp (TE 565 Oy
ahbrator). (iond concentratians wene sampled by a TE 43 Oy
aralyrer {Themo Envirenmensal Instrumends Inc.) whick was
calibrvied mpminst & eystemn [Walsga®idley, NCARACD)
fraceshle to an Environmental Protection  Agency (EFA)
egaivalent method (BQANRRD-047).

Weler vapur was mboduced mic the manifold fom a
system designed and baoik by F, Eisele’s group (Georgis
Insttute of Technology™CAR)Y  High-purity water {1 T
Baker HFLC gewde) was drawn theoigh a capillary dubing
inte & hested zone, vaparized, daluted, and Mashed into the
glass mansfold with Aadco 2ere ar, Water vapor concemtra-
ticns as kagh as VA% relative bomidity could be achioved in
the mandfald and were momitered through an oale pon with a
dew point hygrometer (Kahn series 20000

The TOLAS measorements of CHyO were used by the
referees 1@ dnonstor e syslem performance The TIHLAS
instrument sampled fom port B (Figure la} for most of the
measuremenis through a 43 m length of 14 inch PPA Teflon
lime. Port 7 was slso employed for some of the sarly
eaperiments (1a = 2b') Prior 1o the imtercomparison, the plass
manifold was chamcierized, In a qualiative expenmenss, 505
standards were inroduced into the manifold and diluted with
zefo i to gencrali mixties arcand 500 ppby. The 503
mecnibor, sampling at each of the cight port posiiens, gave
equal resalis to wrthin & 10%, The TOLAS sysiem was further
used po charscierize the manifodd porl congistency. Prior o the
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study 1he TLAS wes switehed 13 vinous samplsg ports to
verily oguivalent CHEMeir concenisalkong [aw  crntenina-
tien CHLO ciendards sroond 0.4 ppbe were generuied in the
gl manifold using the permeation syslem and the Asdco
zer alr penerator,. TDLAS messuroments al ports 1 and 7
telrieved CH3O concentrations that were within 36 ppdv of
ther inpest walues, The ageesivent fndicares that (1) the mixing
and dilsatson mothe plags manifold 5 accurately predicied by
the fowd/ditation catio; (2] no apparent fosses of CHeO & the
siubeppby concentratios ramge occurred in edher the tranwe
lime commecting the permeation generatar o the manifold or
the manifold; and (3} there were nemrly idemtical THLO
concentrationg ol positions 1 asd 0, end by infenenda, ot all
maniTokd parts.

An  addibonal  test was  camied ool daring  the
intercomparison sfudy 80 further check the gliss manifold as
well ag the 14 nch PFA sampling lubes wsed by ihe
participants. To begin, the TOLAS system sampled a 1.3 ppby
CHyD standerd st pord &, The TOLAS system sampled the same
slundard frome pore | theowgh the serlally combaned sample
fubes of the CHODS (TTU) end CENZ {URI) equipment (each
cordisied of aboad |0 m of hahinghk This was repeated by
sampling from port 4 through the combined ubes used with
the CONPH (BNL) amd cartesdpe equipment of MTE (each
with skt & moof tabing) (s boih ceses the measurements
were within 10 of the reference value ar porl B

The formpaldelyde and interferamtl gai concenimations o
part | ame listed ®n Table 1. Spiked CHyO mistares were
generatzd by WCAR sciemtisis and were sampled hy the
particiganss in a biind fashion A1 the spposnted stan Gme. all
provps  began  collecting  samples  smmultaneously.  The
duraticn of each experiment in parnt | was determined by the
sample size requirements of the carridge rechnigues  which
reqared the lomgest sempding time. Alihough necessenly
abbrevuaced becasse of time consraimts. the combinaisons
descrbed an Table | covered am impomand range of possihbe
wmhient scenamios one might emcownier in field sudies

Inpar 3 of the snady, ¢ach participant determined amboeet
(emaldchyde concentrations wusimg the glass twwer inlet
manifold This ower contaimed multiple inlets spaced akoot §
am gpart. Each participamt sampled the cencer porticm of &
flowing airstream within  the  wwer, Ambient st was
costinupasly  drawn  thaough the lop of the power at
approxkmately 1000 10 1700 sim using a high-speed blower,
resislting in bawes residepce fimes of about 0.3-0.5 5. To fest
for surface effects, ombiest air confalding CHaO al about §
ppbv was sampled by the TDLAS sysicin fiest through the
tower gnd fubseguently  (Brough black Teflon iubing of
siemilar pagh lesgih with an inlel close o thal of the tower.
Fdemical results b0 within 3% indicated that surface cffects in
the loner are mimpariant.

Farticipani experimenial methods. A breef description is
given here of the experimental proceduores and methods osed
by gach af the partscipanis in the intercomganson.

Tunshle diode lsger abgsrprion spectrameler (TDLAS)
of NCAR! The TDLAS syaiem of HCAR his boesy described
in detall recently by Srwell o ol [1994] and by Fried ef al.
[1997]. and caly 3 brief deecription nesd be given hese. & Phe
@l disde laser beam is costiruously scanmed through a
sirong. isolated CH; O fmacore s 28306407 ol mt 40 Hz
Sample air, fom either the sampling manifedd of pan | ar the
ambiend air spemplng ower, was conbingously drawn through
a healed mlet box (30°-335C) and nta & 3 L wolunse multipass
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(1 m path lengthy asbgmatie Hermont eell  (Astodyne
Incorporated] s Mow rales woand 10 sim. The imlet  box

coniaimed Tellon solendld valves for frequent sddition of zero
air andior CHy O standards fres the HLD (approximaiely &
pebv when difuied). The poied of zero air addition o the
TOLAS gywtem was ahout B on fom that of the ambient air
sample. The samgle gas then prssed through a1 06 2 g Tellon
filter followed by a Teflon needle vabve 1 drop the pressure 10
24 jorr. The entire sysiem was contrallsd by compeser, which
sutomabcally switched the inlel feleneds 1© scgoire &
measnrement sogoence. In this process, 4 20 3 baseline was
firsl apquired [usang the Asden zero air generator or Scoit
Marrin ulirspure air). Afer a4 T 5 delay, which was used
thraughaut {180 cell e-faldieg omes), a 20 = calibrabion was
peguired, Thie wag followed by another delay snd a second
Easelme Ambdent aml baseline spectra {20 = cach) were them
elizmately acgaired with delay pericds aflir every switch
Adher five ambiesd meisarements, Tequiring  sppraximaloly 3
méim, & new calibraton spectrom was acquered, beginming the
erart of a new sequence. The rapid acquisisan and sakiraction
o baseline specira not omly minimizes optics] noise bal also
imlet mernary effects.

10 the haxis of someroes replicsle csndends in the L2850
2 ppbyv remge, the limit of detecizon (LOEY) ab the 2o fevel
routinely ranged beteeen B0 amd |40 pgiv and avemmged 113
pptv for & S-min scquesitson period (sefusl seenple integration
teme of 100 =} for the present ficld system The TDLAS
replicate precisions (20 level) for individual part | standard
CRPTTERIE afE GIVERL i Tatle |. The aversge LOD, whin
combined  In gaadmture with  an  eslimasad  Sysiemanis
upcertainty of 6%, vields an overall 20 uncenainty ol 12%
pprv far ambient {CH0] nueasuremmests arcured | ppin

CollDNPFH  method (CDNFH, BNLE Wik this
techmique, ambient formaldehyde 5 sonulbsbed e an aqueous
sobotion.  derivaiimd  with DNPH and  snelyzed as a
hydrezone using HPLC. The principle end operation of this
co-line continoous bechnagoe have Been desoribed previpusly
[Lee and Fhow, 1997], and the expenmenial setup used in this
imereomparizon study was pestly wentecal 1o that reporied
recently [Fhaw of ol 1990] Bnedly, sample air was pulled
throuph & 28 wren glass coal together wilth a scrobhing
salution containing 0.1 mid DNPH adjusted w0 pH 2.50 2 0.2,
The ligaid that ¢omained the scrubbed (ormaldebnode was
pirnped thoough a section of Tellon webing (k32 an DD
hoased m & chermosiated enclosure maniained @ 007 %
(L4 it obtin derivaizzaton eguilshriuem, B then passed
through & 0.5 mL sample koap finsd do a 6 poert. elecerically
sctumted valve injecior {WICT Valoo) which was pari of the
auimenated HPLE aysterm. Thas syscem, consisting of an HPLC
purmp (modil 63004, Hitachi), & C-18 reverse phase column
(mucrosork-MY, 3 pm Rainia Instroments), amd a U%-visible
deteetnr {model UW-2000, Specira-Physicel. The imjecior was
contralied by en HPLC soffware package (Rainin Dhmamax)
running on a Maciminsh compmer 1o perform sulomatic anmiple
imjection  and dats collection and Sigrape. The chiomeio-
graphic analysis was performed wsieg isotratic elution (6%
Hy0: 40% CH30H) and @ mesdios wavelsngth of 370 s,
sample injection (0.5 mb} was made every 5.0 min and
represermied an average over & time pericd of 2.5 £ 0.2 min. The
cuperimnental conditeons emploved were sample gas fow rate,
2.0+ 000 shen; Ngquid Dow raie, B39 £ 0.0 mL mise Y, ol delay
tieme [fioems coil miet to medpoing of the HPLC samsple loop),
15,1 & 0% s
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Calibratios of the formaldehyde signal wis achicved by
mnalyzing 3 DNPH salucion freshily mixed with & knawn
st af CHD (vielding a fial concemiration of 0.5 ¢ 2
i %81 and, The hlank signal wis determuned noa sionilar fashion
uging the DMPH scrobhing solufion afone. Blanks were
deaermained ot the beginnimg and wl the end of cach batch of
[WPH scnebbing solution, and the calsbration was performed
typically ¥ bmmes for wach beich of DNPH solution,
appeomimately  midway  through  the hach, The DHPH
scrubbing wolufics wes prepared daily fism 2 conecentrabed
DNTH stock usang purified water [Lee ond Shew, 19%1]

The colbection effickency for CHyO in the solufion in a 28
morn cotl was determined after the intercomparisem in the
laboratory using an alttude chamber under a mnge of
conditions, mamely, gas ow e I,'FE = 2 - 4 gl Nigaid Mow
rale (Fy = 03 - 04 ml min-l}, and the mesults have been
reporied elsewhers [Ler & ol 1996]. The collection efficlecy
appropmitte for e currenl infercomparizan expenment (Fy =
20 slm, Fp =039 eal. min'], ke ambiest pressure of 0] st
was 0L63 £ 004,

The mapor uncemuintis  responsible  for dhe  overall
precisian amd accuacy of This iechnigque are chromaiographic
iiegraton (£ #%, ancluding  subtracnon of background
signal), eoil serubhing efficiency (T 6%, gas flow rate (T %),
Yiguad Mow mace (4 3%, snd the slope of concemtration
calibrwtion [ 1%). The overall uncertainty is estmated 1o be £
12% = 20 pptv with =n LOD of abost 300 ppty {at the 20
Bevel).

Cyelobexamedione-diffusian scrubhber methed (CHDDS,
TTUn The daffuson serubber bechnigue B the measmement
of 'l:']-[;ﬂl is  meoipiratsd 6 &8 aucamaned, I TTTTEN
flunromretric determinaiios systerm, I can messwe atmaospheric
formaldebyde m mear real time. The sompde was collected by
drawing the it through & Nafon membrane based diffission
sirighter at | 50 Liman. Gaseous formaldehyde & collected at
the warfece of the hydrophitic membrne twhe and permeses
imside anle @ Nowing sream of water.  Agueous CHsO then
reacts with 1 3-cyclohexamedions [(CHD} and  ammondam
sccimte 8 gM 4.0 (m & wemperabare of 95°C) 10 produce a
socagly Aucrescest compound {a ditydropynidine derivative]
which s measured by a filer lucrsmeter. The techmigue s
sensitive, and ol B ako  dakecisve over oEher  ckibanyl
componds,  The LOD in the liqued phase = 6 smol, and
given sufficient sampling lims; the gas phase LOD s 10 ppay,
The |echmigoe has been described wn detal] [Fas and
Dargupia, 1994 For medsurement a1 low bevels, best resulits
arv chiningd whan the imsirument aspirates. sample asr for o
shisel periasd and then 2ero abr for @ Jonger perid.  This resulis
in simple peaks mwther than s comtinuous trece, amd any
haseline drift & made evident.  In this smdy. the period Tor
smimiilng wir was 2 min with a 4 min pencd for the: 2ero aie [(UP
grade air, Scot-Marin), resulting in 8 time resoduticm af & min.
For the present stody, ingfroment components were hard
mianled om & 17 24 1 inch Plexigles board to fecsliate
mansport.  The CHD reagent @5 noomally refrigerated even
durimg wee, bot this was not possible duning this stody. This
may have coofributed some fa backgrownd drift and a
somewhal 'hig.h.'r background Nuarescencs then wsual, the
LOD ander these condiiens of ampling time was 70 ppav {16
levell Howewer, the valoer meanired durmp thie smsdy were
normally above the LOD excepe for the hackgrousd experiment
2a of Table 1. For chis system, ligquid phase calibration
providies & chesk on the liquid phase messurement system. The
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inscrument was calibeated with a 10 pM liquid phase standard
hefore, dising and afler the sbody., The teletive stendard
deviarips ranged fiom k5 o 3.3%, and within limits of 1his
precision, fhe mean responss was mnchanged, indicatmg
satisfactory  performmance and  enchinged - sensativity of the
liquid phase apabytical system. Since the diffusion serebber 8
not & goantitative collector, the TTL invesiigaiors consides
gas-phase calibration durirg the sudy 1o be critical. however,
such calibrations were not camied out durnng this study.

Call snzyme method (CENE, URI)  The University of
Rhode 1alend group anabyzed for CHO using the method
dsgribed flest by Loz o ol [1988) and as mome recontly
employed by Medes [1992) and Meiker ef @l [1996] The
meethod = hased on the flocresconce measwmement of the
pedaced form of micotinamade dinwcleotide [(NADMH), which s
produced by the redoclion of i3 autdized foem {NAD=) by
CHpD, msing  formaldehyde dehydropenase enzyme (FEIH} as
the catabyst In the application of the method, amblent CHpO
vapor 13 coflecied in oquesss selifion uping & eod colbeetar,
the collection efMiciency of which e be determined. The
MADH Moorescance derived Fom the eollected CHO s then
meazged a8 the differencs keraeen the ambient signal and a
blank. Samplc blapks wen determimed by switching the
mmple coil betwsen ubire-pere wir (Scot-bamnn) and  the
mmple ardnesn (esl mpisnres or ambient aw). UP air was
introduced  immedistely  before the collection codl.  The
aririement dery cyele was 135 min of ambient meisoremest
fredlowed by 0% min of blenk delermination. The cycle was
wened on the howr and the one-hall Bour, Sigrals were
recorded as | min averages om @ computer. THyO calibralvns
were perfomeed usmg agocows standands, In & cabbration the
collectian  solution 35 replaced by &0 equeous  slandend
solutinn.  Aguecas standards were prepared by seral dilution
of a slock CHy O solution pregared feom eliber the disselulion
of eodid pamfarmaldehsade (Keafak) or @ 37% soluson of CHpO
{Aldnch)]. The siock solulsons were siandardized pravimetri-
cally using Dhmedon meapeed [For eod Reid, 1541) The
estimabed precssion of the method (do of the blisks) is 50
ppiv;: the cxsimancd aceomacy 15 shout 30 ppitw ar CHaO levels
al 1M} ppey and 0.1 ppls @t Jevels of | ppby. In sommary, 1he
four conninuous  methads report approximetely  equivalent
wncertadnties (~ 0.1 ppbv) for the measuremem of [CH;O0
aronnd 1 ppbe.

DNPH cariridge techmigues:  Aldehydes and Koiones
react with DNEPH ta foem hydrazones, which are scparated by
HPLL uxing acetomitrile water oo ofher salwend  minfunes
Deiection of the derivatives 5 mede nung UV absorglicn pear
60 nm For a homobogoes series, Bydrazoned cofreiponding
to the higher molecular weight carbonyl compoumds elute
Iwier diaming the chromatographic sepsration, The formaldehyde
coocaniralion i3 obtained from the given volume of &ir pessed
shrough the cariridge and the mass of the eluant

At the siert of encl experienent, all groups began collecting
samples simalmnecusly. The carindge colbzctions both By the
MTE and WSU groups represent an miegrated sample over 1he
period of each spike experimant in part |

Silics  DNPH  carfridge messsremests by the
Washingion Simte Universify gromp. The silica gel DINPH
cartridges were prepared in howse wing & sobation containing
0125 g of recryeiallzed DNPH In 250 ml. of acstanizrile with
b ml of HOL Eech canridge was flushed with 3 ml of
poetoniribe. The ca were bopded with 10 mbL of the
costing soletion (2% wmol of DNPEcarridge) and dried with
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narogem gas om & custorm beiln stend, capped with Luer plugs,
babelod, sealed im plass wials wik carhonyl traps (DNPH
reagent on flter papersh. snd then placed anomesal cens. The
carridges were relrigeraied wWhin mol in use

Sample air was pussed theough PFA Tefon mbmg (0,25
im} which wia consecied o s Kl czone scrabber and then to
the canridge by a shon piece of flexible silicon whing.  The
sample flow (1.5 slm) was genemated by o small mr pump that
wigs connecied 1o a flow totabizer (Schlumbserpor Gellas 200K
t measure tse wolume of air which passcd throwgh  the
cariridge. Cartridpes wine gxpesed to sample sir for peniods of
I @ 6 howrs.  Afer collection the cartedges were labebed,
capred, and refrigerated wnl shipped back co WEL for HPLC
amelysis. The K1 ozone maps used in most of the measurernents
{emcepl runs Lo and 3o of Table 1) were prepared in Bouse by
packing a |0 en kegih of | 37 an OO Teflon tubing with
grimuliar K1 and plugging the ends with Teflon wool

For snilysis the carmdges were extrached with 4 mil of
aolemitnmle. Sample sliquots were then fmansfemred 1o srall
wuls with sepium caps. Thesz wials were analyZed wing &
geadient slution of the derivatives effecied with acelonitrile
waler mixnanes, beginnimg with a 5050 walef acetonitrile
futle, changing to a 30T ratio over e period fom S 10 17
mam, The HPLC wmil used was a Hewlen Packssd 1090 senes
Il with & Rainim 10 em OD-MP5 reverse phage column The
imdividual carbonyl hydmeane derivatives were identified by
matching the retemfion limes em the suvple chromatograms
with those on the sandard chicenetograms, and pesk ancas
were used I calcubacs the actual amounts of the carbonyl
compoands

Blank camridge loadings were determined by placmg &n
wonosed catridpe next 1o the sample traim during ab lekst one
expermmend each day. The cariridge, used ag a Blank, wes
removed from it glass vial and placed co the uble withoul
remowmp the end plugs. At the end @f the expenmens, the
blank was remed 106 i gleas vl and fom dere on reated
like all the other carridges. Analysis of the eight Blank
cariridges yvielded a mean formabdebyds hydrazone derivarive
losding of 0.20 pg with a kigh, low, end standard deviation of
0.2E, 0089, end 0U06, respectively. Three times the stamdarnd
dewiarion of the blanks {in this case, 0L1B jig of 0ER mmole] is
commonly assigned as the lower detectson [imid in this type of
anabysis. At & flow rate of |0 slm, this corresponds o an LOD
for formaldebyhde of 0.32, 0.16, and 011 pphv for collection
pericds of 1, 1. and 3 hourd, Standards were prepared using the
mathead of Shriogr ef af [1980] By anabyeing standards
several Wrmes, the esomaed piecipaon wak delermined o be 2
0.l ppbwv with ¢ colbection efficiency of about 94%.

Ceriridge messmrements by the MasTech Enviren-
mentsl group. Typical carridges from comemercial suppliers
wizre msed in this work rather than the alemative of in-Bosie-
prepured  cartridges  that  require  exlonsive  labarstary
procedures b0 obfain wltralow  backpgrousd levels of the
hydmzones. SEP-PAK DNPH-30C crrsdpes wene obislned
foen Wasers Chrcmstography {pas 375040, Milfoed, Messa-
chusgies). These conridges have s rypleal loading of 3 pencl
OMPH per canridge. The manufscower goates 3 CHy( blank
lewel of & memol/ carridge. For this amd other work, &
backgroond bevel rangeng berwesn | and 1.5 nmol'cartridge is
penerally found The blank vaboe ix generally lot dependenl
The OMPH C-18 carnidges were obmined fom Atmosphenc
Analysis and Coesubtimg {Venhera, Califormial CHO Blanks
from the C-I8 carindges bended 1o be somewhst Bigher,
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generally between 1.8 and 15 nmolcsnridge. Carridges of
Btk fypes, when nod in use, wore kept @t freezer temporatures
{abaut -85CH wnbl 05 hours hefore the beginndng of the
sampling period, dusmg which dime the carinelges wene
Kllowed bo eqgaildbrats 1o F0cen lEMperaturs

The ManTech sampler is o dual chesnel device which
sllows for simuliancous  measurcmmends freen o cartridge
dewices. A sample from the common masifold = palled o a
secondary manifokl 1o which s stiched the devices. Channel
[ was used o calbect CHLO with & DNPH C-18 cantridge;
chanie] 7 was usad o colbect THaO) with a DNPH-30C. A
Kl serubber was placed in ling immediately prior o the
DNPH-SGE (except as nofed for experiments Ja and 3¢ of
Takle 1. The scrobbing device compeised a SEP-PAK
cartridpe body filled wiith graoolar KI sod prodsced o
relatively bowspresiure denp. The scrubbers have been Fourd
fix have an ceone scrubbisg capacity of more than 25,000 pply
but nonthedess were replaced on a daily basis, Prior oo use, the
scrubbers were fhoshed with zero air for abow 15 min o 1.3
Limin o romove residual CHyO  that  may  have been
imcorporsted witkin the scrubber sysem, Samples were drawn
through the carrsdges sl & constard mass flow male using 3
mass New coptroller (zeries B30; Siema Insirumsents,  [mt..
Monterey, Califomia) and disphragm pump. The mass fow
comirellers were calfhrased Ebefore and followdng the study st
he home labaratary, and both chesmels were sed 4o plve o flow
rate of 1.5 sben {ie.,. 46 mamid of v min-! al 810 mbark

For each sampling period, carridges and serubbers were
placed m Fing 5 min before the beginning of the sampling
pericd and Femoved immediately (llowing the sampling
pericd, The sempling started as the pumps wers fumed om,
Diepending on the pressure drop of each sampling system, the
garnpling systems required fom 13 1o M s 1o stabalas, The
time bo resch stability represented less tham 0.5% of the entire
sampling period and coneributed megligibly to the uscertainty
in the coial collected volume, Wobtage readings on the face of
the comtrol modulbe were recorded 3-4 Gmes per hour during
sampling. The sampling persods emnged from 2 bours for most
af the ipaked CH+( air miviures and smbient measurerments (o
& howrs for the overnight ambien measurements. Daily Mow
checks at the commos mamifold were made with & sotanseier (o
ermure that the sysiem was foor of leaks The masifald
tempersture was approximalely 25°C during the messurements

Following collection, e S0iC and C-18 carmidges wers
rermaved From the sampding syssem, doubde sealed in foil-lined
hags, asd retumed i the freezer. Two o three Geld bianks
funepened) of sach carridge type wene taken cech day during
the snsdy. At the end of most measurement days, the tamplez
were placed m a cooled comlainer and shipped by overnight
express o the home lsborstory for asalysis. The transit teme
was typically 12 hours. For analyzis the cartridges were
exiracted with 5 ml. of acecmimile in a2 lebomtory
configuratiom similar to that found im EFA method TO-11
[EPA. 1948), The sceloajirtle was obfained from Buordick and
Tacksom (Musgkegon, Michigas; HPLC grade) and hed &
typical THLE ienpuriny level bess than 00030 nmol ml-. The
cxtracts were dilsed as regared in 5.000 mL asing wolumeinc
faske. Extraction efficiencies had been meatured in previous
work end found to be near 100% for liquid extraclion volumes
grester than 3 mL. Pollowing extraction the samples fromn each
babch wern placed = an aulesampler for astomated aratysis. In
addition %0 the sumples and  field blanks, calibration
smhdards, gualley siperance standards, and laboratory Blamks
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were rum with cach baich, Mareower, the level of the CHyO
impueity in the sechanimile used to extract the carridgds wad
determaned for each hach, Bodh S0C and C-18 carindpss weie
choled and anabyzed in the same manne,

The anklyses tecknigue involved weparatben of ke CHO-
hydrazeme by HPLC with & theee  comgonest  eluan
[acewnnsiride, methanol, and water) pradient peogram. This
pragram ksed i the standard analysis for this labaoratory
allows ppginvam separatian of the wrget compounds 25 well a3
the Cy (propionaldehyde, seeione, and sorolein hydrazones)
wnd Ty fsy== and aari-methy]l eyl ketome  and  n-
buryraldehyde hydrapens) casbonyl compounds [Swish ef ol
194%], The CHyD bydrazon: was quardified fom s previowsly
developed mumltipoint calibraisan curve. The instnsmerl hag a
very high monib-to-mossh stahility which is verified in cach
baich nen. The CHAD values for each sample were comecied
with the appropaine field blanks.

During the coirse of the study, 11 blanks were aliained
for cach carridge type. For B4RC the blink levels ranged
berwcen Q498 and 131 nmolcarindpe with oas average
curtridge Blank vabee of 1.13 £ 0013 (Ia) nmod‘canridge. For
-1% cariridges the blank hvels ranged berween 135 and 2.17
neralicariridge with an sverage canridge blank value of 1.6% £
024 | 10) mnclicetridge, For cach canridge type, the aversge
of the field blanks was indistinguishable fom that of 1he
Raboratary Blanks. The varisiion is the blanks mepresest the
major factor used in determining the precision of the CHyO
measuremenits, The absolube precision depends of the codal
quantity of &if passing through the caniridgs, 6.1 o 206 mod
in theie cxperiments. Taking 38 of the Blink uscenamty as the
preciion criterion, the precisien of the CH40 messurements
from silica gel ranged from 19 40 63 ppiv. For C-18 the CH;O
preciszon ranged from 55 to 120 ppav,

3. Resules

Splice fests. Sommareed m Table | am the spike
experimenis, which allow a normahication of the resulss of all
of the participants 8o common CH,O standards; they alio give
mn indicatmon of postible inlerferences i the vanous CHyOD
emalysis methods employed. Shown are the resulis fram known
symihetic air maciures of otk pare CHpO asd CH30 with
wdded race pases on air (spike miciures). In the expersments la-
6" there s good agreement between the CHpO sowmrce
concentration, calculated from the oufpul of the permeation
celibration systerm and the appropmste  daliion  flows
employed, and thal mesmuned by the TINLAS (NCAR) aywtem,
calibrated by the HLIX compare colwmns iebeled "HCAR
[souree}” and "MCAR (TDLAS)L™ The gocd agreement is also
seen im Figure 3 for [CHD) rangieg from 0.3 40 3 ppbw (source
is the zalid ling; solid circles are the TDLAS datal. In
experimenis lcsfic both the WCAR source and the TDLAS
sysiem used the same references HLD source, so agreoment here
should be expected. Thero i a emall incresse in [CHy0] above
that expected from the cxlibrathon wewnce alome for those gphke
experiments in which tsoprene and ozone are both sdded &8
impuritics, However, i experiment S¢ in which isoprens wes
nod sddded, & 3% increase o che [CHpO] was alio messared by
the TOHLAS, Tn most cases the magninude of the encresse {100
iz 220 ppiv) 13 consisteml with thal expecied Som the ﬂ]-
imoprene reaclion daring the dilubon ad miung of the
composent gases. Most of the formaldetyde forms m the glass-



GILFIN ET AL [CH,0] MEASUREMENT TECHMIQUE INTERCOMPARIZON

Tirss RIST]L e
= 28 [ 110
———— ¢ o ———]
+ HExpl. a o (1T T (WELLE|
ret. e G CEMF (R
E d  POLAE pacan| oSl
i el e
3

B
3 R - | )| | s —
[ CARMTET"
i i )
- e idd A jdA IR0 12EF 424 1ZE IZE WO
Wi (RST) b
1 . -
4 o L e e i T
r
ﬁ i S RETE X
i A
g_ 1 B o< il e
A A CEaped |
2 = st [bilon)
i n3 FT] e FET]
B (RIET) 8

Figure 3. Swvamary of [CHy0) measurements made by the gix
participsnts  during represemistive  spiking tosis 8l CHyO
copcenranons wheh are indermediste (experiment 2b), low
(5b), mnd high (5c) These and similar [CHLO versus tene
recerds were nsed to derive the averages knd Do vakoes given
in Tabde | The measurements made by the varioes participanis
are indicabed by Ik code given in the figere. The silica
dinnrophenyl  hydeazine  (DWNPH)  carridge dsta  of
Washington Swse University (WS do oot appear for
cxpersment ¥h, since an expamded scale was used 1o show
kztner dhe spresd of the other data.

samipling manifold before complete dibatica of the Ownch and
isoprene-rich gas fows pocors. When the Oy and the isoprens
are dilured to their fisal concentrations, ome expects little
CHyD 1o form doring the rather shorl fransit times o o
varions imstrumends (rangmg fom shout 1 & for the NCAR-
TOLAS b sbout 10 & for the TTL mstroment); ® coonplele
dilisthon, & Fate of CHyO peneration of about 20 ppovimin is
expected for the rypical Oy and isoprene comcenimations
ereployed kere We estimace from the amownt of CHyO formed
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dureng e dilwisan that one e-Foldimg ftime for mining of the
immrpurity gas sireams inoour ooivieg chamber is <003 5

Exprples of the complete time history of the originsl
imeasuremments [experiments Xh, 3k and Sc) fom which Tshle 1
wis construcsed, are given in Figure 3. These represent fhe
miidrange, the smallest, and the lergest [CH;O empboved here.
Sommarized in Table | ane the averages of &l mearusements
reporied fr eoch stenderd saenple and b 3o peecissan s
derived Fom the wariations in the specific mesamement
techniges durisg the plven measurement periad,

Experiments i Table | with labels contaising &= 2, b, and
o wiors caeried oot on May I8, 30, and 31, respectively, in the
order given by ghe nomenal. In 4 of dee 135 experiments, no
intarferamts were adided {8a, le, 2a, 3&). In all otkers, amounts
al Oy, fsopeens, MOy, 505 and HyO (WEH) were sdded B0 test
fior peasiale wierferant effects. Parficipands using the silicas
cartridges for measuremend employed a soubber 10 remove
cepne in afl bt fwo experiments (fa, 3¢ of Tabe 1), These
serubbers work most effectively s humidified sir. For the dry
air 10 which Oy has been sdded, we anticipase tha Oy
imerference on SGC may siill be present. For the dafa shown
in colurms & and T, two different detecioes were weed with the
sme coil collector and chemscal derivatizabon. There is no
mignificant difference seen befween thes P resulis.

Columns B aod 9, in Table | are derved from the same
memsuremenis of the Washimgbon  State Univorsity  group
using silsa gel (DMPH) canridges, bul columm 8 daia ane as
first reportsd {Fane 7, 1995); column ¥ dits represent gorecied
values reponied on Sepoersber |5, 1995, wlter WL personme
descovered an ervor in the flow rates used ariginally in the
ralcalation. The dakta m oolumss | and 10, are from
mezsurements of the ManTech Environmental group using the
C-18 {OMPH} and ziliea gel (DMPH) cariridges, respectively.

The resalin of the CHODS (TTU) method (iHangles (n
Figure 3) are seen to be significestly higher (48-82%) relanve
to the calibraiion sample concentration, while those of the
CDRPH (BNL) technique {open circles) amd the CEMZ [LIRI)
technigee (damonds) are somewhat lower. At the highest
[CHpD] fexperiment 52] the discrepancy with the calibration
source is - 18% (CONPH) and -23% (CEMZ) Al the midrange
level {enperiment 2B} the discrepancy with the ealibration
siees 5 -16% (CIENPHD asad -17% {CEMER AL the lowess
level (experiment 3b) the desercpancies with the calibration
souree were smaller, 0% (COWNPH) and -T% (CENZ) fw the
two Instroments. The thin, dashed Borizonts] lnes give the
resiadis derived fmen the two carridge techeiques; he W5L
group results are sigmificently higher im experiments b
(255%) and 3b (1079%, off scale herel and lower in Sc
{=37%). Thoe MTE group rmesslts are somewhat lower than

Tabde 2. Ritica of Extienates of CHo0 in Experimnents 150h" end Gotée’

MEAR MECAR BNL T LRI
Reatich (Searce}  TOLAS  CDNPH  CMDDE  CEMZ
Wi Py ou® aur o 101
e L1l L1z 1,08 112 Lot

Ui eaperimenis T and e, [CH,0): 157 and 554 ppby, respeatively; A[CIH, 0], 90

and 40 ppey, epectivcly.

buuqqu_ﬁmnummnrhml.
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Piate 1. Companson of the results of the ambient air analyses for [CHy0 during the Fune 1-3, 1995, period at
Malional Cenler for Ammosphenc Research {HCAR} m Boulder, Colorada. The light blue syshols are ihe
pesihls ohserved By the cail dinitrophenylhydrazine (COMPH) system of Brookhaven Naticsal Laboraiory
(BNL} (op), the cyclobexadione diffusion scrobber (CHDDE) sysiem of Texss Tech Unpversity (TTU)
{muiddle), and the coil eneyme (CENE) sysiem of University of Riode Istand (URIT} (bomom). The red symbals
are the dafa as recaloulsted fhom the eeasurements of cach group when eslibeoed using the NCAR CHpO
standards given in Tabde | the data from the tunable diode aser sbsorption §peemcacogy (TIMAS) sysiem  of
MCAR are shows as the black circles and lines. The dark blee points in the CEME plot are the recalculated
dain using the alope {mog the complels rgresion equitios) of CENZ versus TOLAS (Figure Sc) with the least

souarms. weiphsed T forced theossgh the ongm

capected im experiments P (30-34%) snd 3B (3R-62%5, but
mear equsl (-5%) for the C-18 dals in experiment 3o

A inferesting aed mmportant st of the sensitivity of the
varicus conbnoous mesgement methods i shown in Tabde 1.
In experiments 1b and &, small changes (&% and §1%,
respectivaly) in the diluting gas flows Bom the calibralion
sourpe were made durmp e experiment (labeled 16 and 6,

respectively). All of e contisuous methods employed hore
can readily ohserve changes in [CH; 00 of 330 pptv as spen in
eaperitent Sefbe’. The ratios of the omginal [CH,0 (5.27
ppbw} by that after the dilution fow dhangs are WCAR
calibration soorce, 1.11; TDLAS (MCARL 1.12; CDMPH,

I.08; CHDOS, 1.12; CEME, 1,07 Changes of the onder of %0
ppty, &% change m the 1.5] ppb¥ gamgle (he magaiuae o
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Phide 1. Comparson of the DMFH cartridge messurements of ambaent aar sampled at RCAR in Baulder (hene |-
3, |95 with those measured by the TDLAS system of MCAR (black circles and lineg), the Blue symbals and
bines represent ihe date as originally reporied by each imvestigatos, while @ Plate 2o and b, the red symbaly
and lines are the dota fom the cartrdpe St of ManTeck Envieoamesial (MTE) (labeled “correcied ™) as
recalibrased using the BCAR pune CHaO spike experiments, The biue and red symbaols, respectively, are the
silica cartridge dsta abserved by WSLH sceesdists (Plase 2o} as reported originally and s comected for a flow
rate determimation peobdem The honizontal biness drawn between the symbaols show the duratsan of rthe

mcasuroment perioda

the eange of precisions as estimaled post cxpenment), are nod
ohserved in & predictable manner by all of tee meihods a5 seen
in experiment b1k’ Hee the fatlos of the original
comoeniration Ao that afber fow change, as expecied Som the
WLAR calibration sowres, was D594, The TDLAS (NCAR)
CONPH, CHDDS, and CENZ reported 0.6, 0,97, 059, 1.01,

respeciively, During experement 1b° i was pointed out o the
referecs by the TDLAS operatar that the value determised fham

the TOLAS durmg 1h' may be unrelishle since there may have
beems whi inaulTicient masifald flow for the TDLAS (last port on
maamaliald) in view of the total flow of air supplied a=d the sum
of acmual fows used by ol of the instramenig. This podential
problem  occurred only duriag the 0" experiment The
magnitede of the iotd flow was morcassd following this
cxparimen

Ambient measuremenisn.  All of the ambseot dwa for
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Figure 4. Measuremenis of the concenirations of the owee gases, CHyO, 30y, MOy, and Oy, preicnt in 1he
ambriced alr sampled during e smbiont sir-phase of the intercompanison held st HCAR on June 1-3, 1995, The

"Hﬂ:

" peported is the reading of the TE 425 chemiluminescence MO-NO3-NO, analyzer aperated in the Wiy

side, Wede that the [0] and [NO;] are anticomelated during the persod of high [FO;).

[CH40] 48 meksured by the costimuoms methods  are
supnmarized in Plice 1. The TDLAS (MCAR) detereninstbons
{avernged over the %.min measrement cyele] wre shown as the
black svmbols in all of the figares, while the dar as reported
to the referee o the ievtruments of BNL, TTUL and URT are
esch shown as blus symbols, The results as reported from the
cartridge meissrements (bloe symnbols and limes) are compared
with those for the TDLAS (black symbols amd limes) in Plate
i

Addiconsl trace gases, O, WOy, and 504, were mcasured
im whe ambient air doring the isteomparises of the CHyO
ansbient sneasurements (Figure 4 The leege vanatioss n S0
and MOy which ocourred during the smbdent air snabyses,
although unexpecied and uncomirodled, provided an excellent
test fior possible  interferences in  [CHy0)] ambient wir
measuremend. Plames fich (n NO; end 503 were sampled by
the imtake manifold feeding the memuremend equipment dining
the pericd of kigh CH30. The N0y spikes, which occurred
hefore the S04-rich plume amived, probably originated langely

fuwn the WO .rich suto exhaust emassions as e NCAR
employes cars arrived at the nearby parkisg lod (within 200 m
of the sampling site). Mote that the time dependence of the O
structure, observed afer the 30-howr time  period. s
anticorrelsted with that seen i the M3, obviously ozene
preient bifore the imcursion of the plume has beem tirated in
part by the MO in the plumes. The ammval of saother plame,
very mich in both WOy {and présumably NOY) end S0, i
aggarent &t about the 33 hoars m Figere 4. From the direction
of the local wind at this time, i i kighty probable that this
originsied largely Eom the sack of the Boalder power plant
[abou f.d km ME of the sich

d. Dizcusslon
Comparison of Costinuoss Melkods of [CH,0|
P e irersem i

Spllce tests. The level of agreement between the absolute
values of [CHyD] as determimed by the different meshods wnd
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thie ruleremes TDOLAS during par | of i siudy can be eem in
Table § and Figare 3. The venety of independent methods used
to charactenze the [CH30) added to the sampling manifold and
the consistency among thewr  dilorent methods  pives  the
referees comfidence in thoir knowledge o the [CHZO] presend
in the mixbares. The disagreement beraen thie reposted values
aned the ieput concentralons, or that measured by the TDLAS
{HCAR) system, s samewhal larger than the meferces expecied
in view af the premlercomparison reporis of the parlicipants,
and the megsuremenis do not show 2 comenon dizection of bias

The analysis of & ligaid phase sample of known [CH,0],
provided as an smknown ip each participamt imenediziehy affer
the experimes I of Takle ], wis i reascoable sccord: NOAR
aralyais uieng Dimedon s described by Yoe and Reid [1541):
G.AE bl (deremvined Apnl 11, 19957 38 mM (determined
of July 12, 1995) CDOMPH: &5 mM, CHIDXDE &3 mb:
CERE: 593 mb I8 i clear that liquid phase calibration
carmot provide s complete fest of the gas-phase respomse 1o
CH, a= @ merely checks on the operation of the Fquid phase
analysis  system, an imporiani Nl step | lesting  for
consslency in e operation of the wnstroments. However, all
of the solutban methods used here also depemd wpom a
mezsured collection efficiency of gaseoas CH3D by either a
ollector coll or a diffusion depmder, and this mesi he
determined and used i calibrating the net response, unless, of
oourse, celibrations are made using known  gascoas CHeD
mintures im air oi the isled of the system.

Bivarsami legst sipuares tegressions [ Yoek, [9466] of the
[CHz] values as meagored by each of the groups versos those
messured by the TDLAE are given in Figare 5 [costiruous
messuremenis] and Figure & (cartridpe measuremenis). In the
leas! squares treptmaonl the 206 procisson valses given in Tabie
1 were uged in weighting esch messorensent by (2ok2 These
precislon estimates are alsa shown e Figures 5 and & a8 ermor
hare. For e continusad mepsarement methods (Figure 51 the
intereepts s near wero; UDNPH, 0006 & 0,04 (20] (il deia);
04l + 000 fonly pase CHRO experiments, & reporied)
CHOOS, 0.0F + 0.07, CEME, 014 £ 004, A near-linear
feipanse bereeen the rwa varables s seen, however, the
alopss arn significantly differeng fhom umity: CDNPH, 079
002 (2 (all deta ss reporied; solsd lne in Figere 53 124 £
020 (pure THpO ealy, dotted lime bn Figure 5) CHDDS, 1.34
+ 003 (sl dam); CEMEZ, 073 &£ 003 (a8 deta) Similar
regressions using the carmmdge dara (shown s Flguse &) glve
for imiercepes: silica carendge datm of WSL (), 1.67 * 0.48,
WELR), 2.67 £ 0.05; C-18 carnidge datz of MTE, 0.346 = 0.07
{all dsta} and D07 £0.11 {purs CH;O oaly, black circles);
silica cartrdge data of MTE, <0017 & 004 {all data) and -0.04
07 fpure CH30 only, back circles). The slopes of the
regressions are: silica cartmidge data, WELNa), 0017 = 0.01;
silica cartridge data, WELYb)L, 033 + 0.00; C-18 carridge data
of MTE, 0.78 £ 002 (all data) amd B.T1 % 0.0 (pure CHy
only); silica cartndge dwis of MTE, 0063 £ 0.00 (all deia) snd
076 £ Q03 {pare CH2O omly).

There is no significant evidence of inserferences dn the
CHODS and CEME comtimunus messgrements, The & Teience
in the slopes for the COPH deis for pare CH5Or and CH30 06
various mixhires suggests some possible mierference in ibe
HML  instrumeént, Evidence for the significance of these
differences come Bargely fom the slape-contralling  dstum
point of experiment 1o wsing puee CHsD i which the 26 value
(096 ppbv) was much lerger thas in the cther COMPH data,
Pure CHo0 samples were introduced on cach of the thareo days
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Figare 5. Regresaons of the resaliz of the [CH, 0] a8 mewsred
by the combinuoas fechaigses  ploteed versus the TDLAS
measigements of MCAR for the spike mixtwes provided as
enkrawns: {a) COMNPH; {b) CHDDS; (c) CENE dwis The
salid lines dewwm through the dala sre the weighted, bivariant,
brast equares fil 10 all the data (both pure CHyO and spiked
rduiures) The dolbed and dashed limes, respecilvely, in the
COWPH plog {top) are the fils using oaly the pure CH,O daia
(imveried tmangles) as reporied in Tabde | and these dam with
the stabilized walue for un lc (solid, inveried irianglel 1be
CH30» mivtures with ineesferants added are showsm as oper
circles in the CONPH-TDMLAS plt The slopes of ithe
regrassions (= 20) sre for CONPH, 0,79 £ 0,07 (all data); 1,24
£ 30 [pure CH;O data anly); CHDODS, 134 £ 003; CENZ,
0.73 & (02
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of the spike stodics (experiments 1, 3a, 3k, and kcl The
COMPH nstrament sigmal drifted during experiment e from &
high valuz of &.43 and evertually reacked a siable valve near 5
ppb abeal halfwny tmough the pericd of the experireit, The
MNOARSTOLAS and the other conlinsons imsinemenis show
p sigeificant change with time during thas expemirent. IF ane
assames that the BML inssrament was nod stabdlized for seme
reason during the Tirsl pant of this experiman! amd by the lase
eight mecasuremests are included in the average. a value of
[CH;0] = 5,97 £ QU092 {20) is obtained (shows i Figure 3 as
asobid, imvened mangle). If ooe uies thti datum for mom le,
then the plod of COMNPH versus TIHAS (MCAR) for the piare
CHO spikes alone gives & slope of 0965 0035 andd an
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iraercept of 0,044 & 0.074 (deshed Yine ih Figare 3) Thus ewven
ift @ stabilized valoe is used fir the l¢ poing, there is an
appareni difference between the puse [CH30) and the mixneee
results. B the  “siabkilized  velue” for lc oropleces  the
unstabilized average le of Table |, and all the spike date G
empdoyed, the bivariant lessi agsares i to the deta 38 Yeopes
= BT £ 0LMS + (0438 4+ 601 ey e o [t socms probable to
the referees thad thas cquaton is the most appropriste one te
describe e Gl of the COMPH-TDLAS spike dais, and ihis
slope has been used for the calibration i caloudating che
correcied smbicen data shown in Plate | (red symbaols) The
difference herween the pure CHpO plot snd the plot including
all COMNEH spike data (with and waihont (mpurities sdded)
docs supges! same possable negative iederfaence may be
affecting the BML resulis. However, iF this is the case, then O,
WOy, and 50y all seem to dnterfers i about the s exient, 18
the method paper deseribing the COMNPH [BML) 1echnique
[Lee and Zhau, |93, the poiential mierferants, O {0 404
ppba} sl S0 (up o 20 ppby), heve becs cramined, and no
sipnifbeant  effeces were found, Theseloee it remains a
passibiliiy that the difference i slopes beiween the resulie
cbazined for pure CH0 and spiked experiments (abom 16%)
cam be ascribed bo either anstromental drifi or calibration
change ever the perid

Ambient meassprementi The exiensive ambicnt dala can
also be nsed 1o tesd the rel@tlve response of cach instnamest o
that of the TOLAS {MCAR), moch in the same nasser 8 used
wilh the spiking rests. COndy these measuremonds were selected
fior which a leme ovetlap of the measuroment periods ocoaed,
and ihese are ploed im Figure 7. The slopes of these plots for
cach 1echnigoe versus the TOLAS (MUAR) measurements are
COMFH (267 peirs of points), 0.8% £ 002, CHODS (27 paim
of pedms), 1,50+ 003, CENZ (Tt messurement perind anly,
11-37 hoars in Plaee |; 96 pairs ol powis) 0.63 £ 0.05 MNete
that the slopes obtained usng these mached ambiom data
campare reasonably well with the spike calibmibon slopes of
Figure 5: CDMPH, 0,84 £ 0,02, CHDDS, 134 £ 0,03, CENE,
(.73 = 002, They abso compare well with the average ratios
[CHAD ;0 ypa a5 a5 reported foe the asbiern daa at
malched times 00859 £ 0,12 (CONFHY, 1340 4 6.4 (CHDDS);
061 & 006 (CEME, first pericd only), Thus i is very likely
that differences from the TOLAS measurements cbaerved m the

Figure 6. PRogressions of the DMPH-cartridge results for
[CHy0 standard mixtuses ploticd verius those of the TOLAS
swstemn of WCAR: {a) the C-18 DMNPH syseem of MTE, (b) the
gilics DMNFH canmidges of MTE, and {c) the silica cariridges of
WS {eorrecied for o flow messarement probleml Ir each plot
e sobid circles are from experimemis comlaiming only pare
CHA in an air matria; the open circles are fromn CH; 00 maniuees
with sdded impurities [y, 505, NO,, andlar iioprene) But at
bow relative humidity (< 0.5%) shaded circles are from
cxpenments Is thresgh B¢ s which sigmificast waser vapor
wad added (7.5-78% relmive humidity) ie addition %o the
vmpuricies. The solid and dashed limes, mspoclively, anre the
bivamard, beast squares linear fits msimg all the daia or pure
CHy0 data only. Slopes of the rogressions [+ Jer) are C-1R
(MATE], 0,78 2 0.02 (all data); 0,77 4 .04 [pure CHO anly);
silica (MTE}): 063 £ 001 (all datad; 0.76 £ 0063 (pure CHz0
caily); slica (WEL: 033 £ 0.00 (o]l dutal; 049 & 000 (pure
CHzD amly)k
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Flgare 7. Begression plots of the ambient [CH DY mestured
by instruments from (a) COMPH (267 pairs of pebats), {b)
CHDDS (267 paies of poims), and (g) CEMEL versm ihe
TOLAS meisurements of MCAR  for masched times of
neesurements. The three hines shown i the CENZ plot show
iz weighted least squares Bavasiand 1t fior (1) all the dais, 154
pairs of points (selid linc); (2) only the data fom the first
mezasurement percd {11-37 hours, Plate | {opes clrcles)), 98
pairs of paints (long-dashed line); and (3} shaded cmcles wre
from the sccond measurensent period (42-56 bours, Flae 1], sfl
mtching dara, 36 paim of points  {shore-dashed  line),
respeciively, The slopes of the rogressicss are COBPH, 0BS £
002 CHRDS, 150 & 00%, CEMNE, 63 & 003 (first period
onlyl 0.36 £ 0.03 (second period oaly),

AT

[CHE] reported fom the COMPH, CHDDS, snd CENZ
measurements arise largely frorm calibrateon (gsees, namely, the
magnitsds af the eolkstion  efficlenciss of the respective
instrumenis ¢ B lirme of the WCAR, iiercomparsion, I this is
the case, then correeted calibraticas can be genevated uzing
the calibratiom repressions derived from the blind spike dala of
Table 1, When the new calibeanaons are applied o the reported
[CHp0 ambient deta, the curves shown inoned in Mate 1 are
obtained. In each case the @mproved agreement with ke
TOLAS measarements over the reporied dam (light Blee
cirwed) 1g stnikking: the meich with the NCAR dats appears 16
each cise 1o be wilkin the expected unecnmingies of (ke
measurements. The sverags ratios ICEI;.I:l']_I-"li.'H;ﬂ']Tm_“g for
mitched lmes after calibrtion correction are 104 1 0014
{COMPFHE 100 £ 001 (CHDDS) 082 £ 008 (CENZ
collected during  first peried only)l. The melatively large
inconsistersy, which remaing bebween the CENZ (rescali-
brated) snd the TOLAS date, i wnexplamned. The cormechad
sambers are influenced signaficentdy by the relenvely large
intercept in the stancdard spike regressson. For sxample, the
maich is improved somewhat {dark bloe curve in Plate 1) when
o uses The slope of the leag squames plot of te CEME spike
data wersus the TINLAS obscrvaiions  forced through the
crigin {slope = 0,75 With ikis dara frealment, one finds an
average fato [CHO opye CHDbrppas which s semewhn
closer e unity for the first period. 0,87 + 008, The emeining
imtonstaieney  between  the  recalibemied  CEME  (LED
imstroment &nd the TDLAS [CHL0] measuremests durmg the
first perind, slthough larger than thet observed with the ather
instrumenis, is sl within the combimed uscortaniies of the
measeremeni meshods
The CEME amd TDOLAS instraments alone continoed

rheasurements inie @ second time penend (4256 houwrs m Plate

I} A siesdy min persisted throughou most of this period, and
the ambiem CH30 concemirations dropped by a factor of 4,

conditiors which presemt an inleresting - sddstsanal regeme for

tesling beth instruments. The regressions derived from the

daia of Figure 7 from the fird seel second  messurenichl

pericds, respectively, 063 + R03T and 36 2 003, sugges

that a change in response of ene o both instruments during
the second periced andioe inbes effects The average ruiic of
[CHaOkepsatl CHyOlpeag for masched tmes during the

second period, 0.4% 2 021, alzo shows ihis discrepasecy, As

the TOM.AS Insrument was recalibraied with & gas-phase

aandisd every 3 min, i seemed mnlikely the  TDLAS

calibration changed. During the CHy O reference measurements

(part 1) amd 1he endire firsr ambdest measurernent pericd, the

TOLAS cabibiwiion foactors were cosstant to better than &%
and afizatimes better than 2% over many days. In view of the

ipercased divergence during the second pericd, the meloes

growp suggested Hhal the TDLAS operaiors check on the

consistency of the slandard introduced during the second

pericd a5 well, Indéed, spikeég in the TDLAS calibration

response Tactors, peculler 50 this secomd messurement period,

were pbservad al times through-out the pericd. Cormection of

ihe dats 1o ediimenete the spikces led 8o an awerage increase of
about §3% in the ambiest [CHyO] determined by the TDLAS,

a direction of change thal = apposite to that reguired 1o bring

the resulis min line with those of URL The TDLAS oporators

gpeculate thet the spiking im the standards may have srisen

from dradler iemperature instshilities which wore reflecied in

the HLD outpmt corcentrations daring the second persad, The
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reasors fior the larpe divergence m the CEME and TDLAS
results durigg the second perind remiing anexplaised.

The speciral duta retrioved fwn the TOLAS near the 47
husite prark af the second measurement period shows s large snd
unamkigucas spike in [CH30); sz Flate §. This d5d nat resul
froem n calibration spike, Howewer, it could nol Bave been
observed by tho CEMZ. fnsirument, since the largs maxinm in
L spike ool diring the CEMEZ-15 man nonmeasurement
e,

We corclude from these observalions thet in the measure
ment of gaseoas [CH,0)] by any techmigoe, it is imperative to
use &n accurate gas-phase standard im the calibration of the
instnament. The extraction efficency of Iequed-based sysiems
can b= alered by mincr changes in geosmetny (in the case of the
CHODS instrament) and operating cosditions, and the use of
ligwad phass sandands aleme will nol wecaver this probdem

Afer the intercomparison, some of the problems nosed n
the digcusaion were explained by each of the participasis.  In
the case of the CHIMIS aysiem, it is believed that the looetion
of & pciboane within the diffusion scrubber of the syspem
apparently shifted dunng tanspori  between Boulder and
Lubhack, resalting m & change in colleciion efficency. There
wene somee problems wiath the gas-pfase calibration of ke
TTU-diffusion scrobber zysiem prior B0 thig sludy, and a8 &
result, all data meported b0 MCAR wons (herefont hesed on w
gas-phase calibration conducied with & prable  membreoe-
bated snuree upon retum B0 Tesas afler the Incercompaisfos
emmdy, Hoewewer, thiz procedure alsc oremled umceriainty,
potential champges in the exact positioning of the membrane is
the diffieion scrobber daring tanspor eold change the
calibration, resmlting in the scenwrid thal the posi-mission
calibration would ned refllect accurately dhe pree calibration
dureng the siudy., The Lubbhock calibmbion was wsed im
caloylazing the reponted [CHyO] A smaller error may also have
resulesd  fiem the difference in pressure  and  iEmperature
between Luobhbock, Texas, and Boolder, Coloredo. Certaindy,
the use of a gas-phase [CHyO) calibration stendard at the
measurement gite ooukd have obvigted nsch questions.

A5 was sinted earleer, the meferor proup asked the
participanis early in the mmiercomparigon W check (heir
systems to be sure they were operalmg a5 ogpecled. [n
responss to this reguesl, the DRI pericopant  camied ol
spveral losls om the CENE cquipment: apasous Nlow rales and
st sammple Mow mbis wire recalibrated, and Both wese a2 their
eaperied walses  Sample line mmansfer efficiency was checked
amd found w0 be near |00% and not an dsswme.  Agqueows
siandards were exchanged and foond o agree within » few
pereent. THyO codl colledtion efficiency was checked, as both
Lozrus ot af. [I9BB] and Lee awd Thow [1993] bave shown
that the squeous codl collecmon sysiems may mo achicve
thermodynamis equilibrium. The following eaperiment was
peiforned by the LRI panticipant on the third day of the
mntercompanson (cxpenment 3¢ of Table 1), when test CHyO
gas concemtrateone were held nearly constant {336 ppbv)
The sample mir Mo rage was reduced fom 20 o 100 05 L
min? (T60 Tom, 090), The CH3O respomse wes nonlmear o
sample flow e, indicating that the codl collection efficiency
wat an issue. AR oesile prefimisary estimade of the collection
efficiency gave about 0.64. Upon refurn i URE the callection
clMiciency was determined 1o be 065 £ 0,02 (mean £ 1a) veing
@ serfal coil proesdure. This mesalt b5 sipmifieancly different
frem chat desermined in the CENZ URI earlier sdies where |t

wih determined §o be greater than 009, The CEME dat reparted
iy the peferee and used in Tabde | and afl the figuees were
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calewlsted usmp o colbezpion efficiency of G463 The resals
ohtained by the LRI panicipant nsing what ke decmed to be
the besi caldhration were sill abowl 27% booer thén the
WCAR-TDLAS resoles, It e the referess’ opinion that the
difference seen berween the CENE data which were reporied
and ihe TDLAS [(MCAR) resulls, moet likely arises from
insocwracy in the knowledge of the pollection efficiency of the
CEMZ URI coils while measuremends af WCAR were Being
mado. This again reinfordes the nead o eneploy sfcurate gag-
phese CHy O standards #1 the miassrement 1ite,

It &5 imporant @ nole eher che TOLAS sysiem, as
wiplemented in this study, as well as the CHDDS snd CEMZ
sysbevs all regqoire zere air o obmin beckgmends. This of
coirse necessitates backgrousd gir which comtzing no CHO.
The COWPH BML sysiem by contrast does nob employ #om air
for backgroond acguisition and bence is ool susceptible 1o
errors caused by a residual backgmoand CH,0 m the zero sir
saurce However, in the present intercamparises this potential
grror source [ the contineoues metads (TDLAS, CHDDE,
CEMZ) g unbikely In experimest Ta ma CHaO was added 1o
the Apden zeme airflow, The TIHAL CHDDS, and CEMZ
pnstramenle, whach used their own 2eeo air cylinder scarces as
well ag the CONPH instrament, afl retrieved zero [CH0) for
the pure Aadoo zero air mewix within  the  imsbrumest
encertamibes. Significant nonzero background CHyO in any of
the cylinders would certainly show op == a shitistically
significant negative value for the “bhek.” In sddiion, the
BML instrument alsa directly sampled froen one of the mero aie
cylinders (Scolt-Marrin  ultrapure gradel, conaingd in the
barch of cylimders pricarily used by sl the continwouws
methods, amdl deecied no ressdual CHLO. Imporient in this
Fepaid g the observetion the subzeqguesi o this sdy, a
different batch of the zero awr comimined [CHyO) ranging fom
150 do 300 pprv as analyzed both by the TOLAS (MCAR) and
the CDNPH (BNL) instraments. It cannot be gmsumsed that
“zerg air’” parchased commercially has no CHO in it

The cument intercomparisen shows  thar  the  1haee
continwons techniques of smbsead [CH 0] measurcment cested
s [enile, i amy, isterference from ©y {up o (00 pploh, SOy
(up w50 ppbv), or MOg (up b0 40 ppbvh As noted
proviously, he Aifferenes in response  of the CDNPH
insirument observed s thin seady with pore CH3O and
CHaOeimpuity mixtures suggests that there may bo 2 mild
meparive interferesce for CHe) in O, MOy, andfor 504
comiEiking mimiures in air. A test for changes morespoase of
the COWPH instrument to that of the TDLAS during the infiug
of the highly MOy and 50y rich air mass observed durisg rhe
ambéent  memiurements  was  inconchisive.  The  ratw
[CHy O cpppw] CHyO o ap shoes s degrease {abour 20%%) (n
tise rakio at the time of the Bigh S05-MO; concentrabiong, bul
there ane alio periods showing o simaler mabo decrease when
ambient S0y and MOy remamed relatively bow. Further tests of
e COMPH BNL msrumest will be necessary io check this
podnt. There appears to be no artifact [CHpO) seen by any of
the comlinuoas messarement insiruments 55 @ mesule of the
presence of isoprene {up to 10 ppbv) with Op (up s (04
ppbri.

Camparisen of Cartridge Techalgues ul'EHll‘.'l
Measuremeant

Cartridge spiking testis W5L, Two differest types of
DNPH-bopded  carimdges  wee  employed  in the

imtercomparisonc silica gel l.‘-ll'll'lﬂiﬁ TMTE amd WELN and C-
1% zartndpes (MTE) Table | provides a summary of the
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castridpe resules fram the theee days of spiking expersments (3,
b, £} Exporimend Fa was wsod 1o wdenlily major problems i the
analysis of formabdchyde al the stan of the mlercomparizon
(sectiom 2). This was helpfol Tor methods employing oa site
analysis; bowever, sinps the carmidge technigoes  wsed
poslexperineend analysis, it was mol pessible 1o know whether
analytical problems exisied at this stege. Formaldehyde ot 170
ppbv was the sole componesd preseid in eapenmoni la. The
MTE and WEL silica carfridges cxhibited nocarly identical
results, 1.14 and 1013 ppbv. while the C-I8® tlechnigue
mazsured & sormewhat lower vatoe (103 ppbw). Thuos the three
cartridges were aboat 35% below the source comcentration
pred lower than all of the formaldebyde concentrations
determined by the concineous methods. In ewperiment Fa,
forrnaldehyde-free gir was pessed theough the cariridges, snd
hoth MTE cartridge systems comectly observed levels below
the detection Hmi, whils the siliea cenridpe data of WSU
pave a formaklchyde comcentrabion ol 2.63 ppby, The major
difference in the carirdiges between expenments e and Ia was
the additson of am by scrubber o the lalter experiment Two
explanatsans of the WSL cartridge resalts in eqperimes 2a
appear pussible: (1] the KI used in the Oy scrubdser by WEL
seieniigls oy nod heve been entirely pusged of fermaldehyde
duoring the cleaning process, sandfor (2] some trailer air, which
comtained relstively high concentrations of formeldehyde, was
drawn (sadvenently through the WEL carridge. Blask rons
on catridges in e laborsiory showed o dndicetbon  of
eontarminatzon froem labaratory aim. Wharever the cause, il ia
elear thal a costaminatbon problem persisied thoeaghout the b
serics of expaniments ax well.

Expersmenis |-5b were designed 1o pe21 the validity of the
cartridge method 8t fow  concentrations of formaldehyde
together with varying amounis of ozane, isoprene, Mk, and
50y, As can be seen fom the resulis in Tabde 1, WSL silies
cartridges  showed moch higher concemtrations  ihan  ibe
MCAR sounce provided, The WEL! personnel sugpest that this
m most bkely the result of the santamination problem moted
tharing and after experiment Za. However, the WL persoanel
sinle thet evem without a comemination problem it e dowbtful
that they could heve made measingful meassrements in the 1k
and $h experimenis (027 and 028 ppley, respectively), simce
the sample collection time was 90 min during which abow 23
ernndlurd Hiers af air passed thisugh the WSL cariridge, and a
formaldkyde-hydraoone mass accumulation of anly sbhout .21
jtg on the carimdge s ewpected, essentially the same as the
WSU silica cariridge blank comectson  {(BH) & 008
ppiearridge). Howewer, this does mot explain esther the
duscrepancies abierved in expenments 1h, b, mdd b which
had source concestrations shoul § rimes higher or the arder of
magnilude difference observed in expemiments 3b and Sh.
Conclustons concerming the bebavior of the silica DNPH
cartridges employved by WEU based on this series of tests
alone are Fmated.

In experiments lc-fic i concentraticms of CH4O were
increased to approximately § ppbv, end sy possible detection
limmit issmes of the b senes showld be alleviated here. For ike
WEL silica cartridges the 1.5 houwr collection temes defined
the LOD at 0.4 pphy, The agreement berween silics sastridges
of WEL and TRLAS (NCAR) valoes for experienenis 1c and 2o
B excellent (551 versus 564 aad 513 versus 539 ppbv,
reipectively). Expenmesd ¢ bad no olber trace gases, whils
all the possible interferasis were present im experiment lc,
Thesx regults alome sogpest that the interferants used hers had
fimle or no effect on the WSU silica cormidge resulis,

ham

However, whes the npane senbber way memoved {experiment
3} with approxisately the same [CHO present, the [CH;0
detected by the WEL cartridges dropped to 15994 ppboy, well
below the expecied 524 ppbs. This may reflect & negalive
interference fiom the %5 pphy of azone present in the cartridge
flowe in this case, Howewer, the wide divergonee of the
formaldeliyde concenirations observed by the 'WEU silica
cariridges from the source values for tesis 4=6c is puzzling,
becyase condilions i test dc were mearly idestical 0 Ze
where the WSL silica cartridge showed excellent aproement
with the source comkenirabion,

The foregoing analysis of the W5L silica canridge rosulis
from the spikes tests was based wpon  sample-by-sample
comparisen beteeen the comral end the sdditive csts in cach
senes of experineenes, Oiher evaluanions of the WS silica
cartridge dids were afiempled S0 ratiomalize the resuls, The
data of Table 1 were wied 1o derive ratios of the WSL cariridge
messirements o Those of the TDLAS system of NCAR; thege
arc given in.Table ). The W5LI silica carirdge data are highly
scattered with am average racio; sifica (WEL TDRLAS(HCAR)
= 1L.EY + 2.8 g first reponied, and 1KY + 3.9 45 corrected. In
Figwc & ihe regresaion of the [CHyDLijgeey) versus
[CH7 0 g 5 B2E & signaficant nonzems mh:mﬁ |nj a small
S-IIIIF-E! [miﬂlﬂmu_m = 14T + 0,08 + 01l £
O [CHIO  rras. A negative mierlerence wilh the silica gel
DMPH cartridpes appears o b8 & common finding in ke
presesee of Oy e g., Arorr end Taeda, 1989]. Presumably
ozone reacis with DHPFH and ils prodoct  formaldehyde
hydrazone in the silica gel carfridge to redoce the [CHL0]
retrieved. It has beem suggesied that the remowval l:q'l_':l:l Wil &
Kl scrubber peior 1o collection with a DNPH sibics carimdge
solves this problem. Since both the WSLY and the MTE silica
cariridge systema employed such a scrabber in this sbady, Oy
mierference showld not be o problem kere. Conceivably, the
&y wif waed m oesperiments la-lc {relabive humidity < 0.5%)
may lower the remmoval efficeency of the scrubber, However,
this is mol am adequate explisabinn for the lange scader (m the
wilica (WELT)-TOLAS data. Nete that the four dats poings with
no added interferams (shaded circles in Figure 62) also show a
large seamer amd  poor  comolanon  with  the  source
poncentratton, In addidon, the five dala points shown as gray
Eircles, experiments with sipnifican] water vapor added 1o ke
sampling mémtare, still reveal significamt scetter, With ke
exception of the amoun of water added ard the presence of
isoprene in One ¢aie, the interference levels were mearly
equivalent in foor of these five kigh-[Ho0l eases,

AL this podnt it is impossihle to reconeile anequivecally
the observed behawior of the silica DNPH  carcridges
employed by WEL, even with no added imterferants, Two
potential explanations were presentod Afr leaks on either side
of the cariridges could play some role here. Drawing in trailer
wir {[CHyO = 5 ppbv) on the front side of the cartridges
would result in unexpeciedly high measured [CHy0] values,
i, 0 large iniereepd in Figure 6o A leak downstream of the
cartridges wonld cause the troe cartridge volume flow ta be
borwer than that measured, resulting in the [CH O e =
[CHyO L. [t is conosivable thi leaks in beth ends egubd
simillanecusly give rise 10 & high intercepd aad & Jow shope in
Figure &c. With the limised number of tests allowed by the
time Eame of the present imtercomparison, further speculation
an the orgin of the problems encountered in the silica DNPH
cartridges of WS5L during the spiking experiments cansot be
sesied in more depth. In fiunore formaldehyde ntercomparisens
airned w1 defiming cartridpe behavior, it would be degivable o
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Fable &, [CH0] Escimates of Spike Samples With Canmedpe Techniques and NCAR-TOLAS Method
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have several partridge samples colleciod af cach of the spiking
aed comrol bevels amd to employ different K1 traps. Analyses
of the carinidges made directly following exposurs would slso
help identify problems carler. However, tii protoeol would
e very differest than that employed in moss feld spadies and
wauld not dupliceie possible CHLO demvative gessrsiion or
destruction during the siorage period before the canrdges
were reumed from the field o the home laboralory for
annlyses.

Cartridge spiking tests; DNTH cariridges of MTE. The
DNPH silica gel carmidge dsta from MTE dre sigsificent]y
difTerent from those of WAL for all bul experment 1a (Table |}
For ke MTE DMNPH silice gel castdpe spilcing besss, the ratie
TEH D i 1EH D e g = 0,55 £ (17 (Table 3), while
the lmsar regressson equanion for all the dats (solid lime in
Figere éh) is given by [CHuO g, gy = 016 £ 0004 + (D63
& 0.01) [CHAD g as. The equation using anly the four points
wilkont sdded interferants (dashed kine m  Figure &h),
FCHAY] iy ™ <0004 £ 0007 < (076 = 0.03) [CHpOhmas,
it similar except that the shope = 20% higher. While
determimed f0 be effective, the Kl scrubber requires the
presence of moisiure o dliminete the systsmatic cmor when Oy
i prasent [Kloindienst privabe commonlcatioa]. Experiments
Ih, 4b, 3k, 2c and 4c were comducied af molsmure levels thad
may ke maufficient for proper scrubber operation. A& relative
huenidity level of T8 at 25°C equades to a waler concendration
of 2100 ppmy. Recomd measurements of [Kleindionst, privado
commumication] have suggested thal & conservalive waier
wapor level of 5000 ppenv [#17% KH) 18 regoired oo ensure
quEantitglive removel of opone Som the sirsiream entering the
carradpe. A comparisan of samples dc snd 30 shows s G6%
imerease in the [CH.O] determinadiom for experiment Sc; the
ondy importend difference between de and 5c is the increased
WRET VEPOT ooncentration in the gystemn (2100 versos 24000
ppmvh The CHsO difference in sample Sc, however, s still
27% lpwer than the valee fom the TDLAS MCAEL DIt 1s

possible that the DMNPH-derivatized CH3;O = destroyed in
it by reactions with one or more of the other impurity gases
added in these experiments. However, as i the case with the
resnlng from the cordineons measurements, when the foar spike
cxpetiments wilhoul imtrforences are wsed for calibration, the
remiining gynihetic g mixtured and ambieed gir MTE silios
gel canridgs resubs compene well with the NCAR TDLAS
measuremenis  (See the following dscasshon )

The averuge ratio [CHA e wpuriy] CHp 0 rpg a5 For all of
the spike sampdes (Takde 3) = 1,12 & 050; if the resalt fom 1be
smallesi CHyO sample 5b, and as a resudi leasi accoratz by
cartridge analywis, ix excluded, then the sverage rass = (LHS +
0.1, Sample 5h a8 exposted 10 show the kargest percent diffier
ence fiom the TINLAS messurement since it has the highest
apoese o CHyO maon §= 100); see the ollowing discussion.
The linear regresssom without added inrerfersnis (30did cinclos
and deshed lane in Figure &) is [CHAO: pjpurg = - 007 &
0l & (71 £ DM CHYOyng 5. while the complete duis pe1
gives [CH;Ole spumey = 036 & 007 + (OTR & 0.032)
[CHOhnas:

Although 1 B now widely acoepted that O, camses &
negative interfesence m CHyO desceminmtions with silica gel
DOMPH cartridges (henee the commeon pesceies of employing &n
0y scrubbber), the presemce of an inlerference and the direciion
of the effect with C-18 DWPH cerndges s Sebated  Faor
cxample, Smich o ol [19859], [Kleindienst private
tommumication], Poreeer  omd Urgarova  [1995], and
Fodrowrmurthy o all [1993] have all ohserved positive
interfereniced with C-18 cartmdges in the presemce of Oy, One
possible explanstiion for the observed effect is that Oy reacts
with DMPH en C-18 cartridges 1o foom decomposilion
products whick coshste with the CH0 hydmzone in the
HPLC amalysis. Seeith ot af [198%]) have observed several
such peaks Presamably e wiual CHLO anslysis doss mol
resofve these peaks from that of the CHaO bydrazone, snd the
gnhanced oeak arga often moee than offsets anv pepalive
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interference {caused by O-grasraind reactions wiih the CHy
hydrazone), resulling  in @ mel positive interference. Hy
conirast, Sirw and  Shepgon  [1995] repor & negative
interforence from Oy, even af 42 ppbw of Oy ([O4}{CHzO] =
20, sl edmichinded that the C-18 fechnigue can cnly be wsed
1o measne carbosy| compoands sccurstely iF the Oy ds A
temoved. Howeser, Sieiu amd Shepron [1995)] uxed a differene
HPLL analysis colume than typically eraployed (C-B racher
k. C-1%), and this may of allowsd them o siparaie 1he
arifact peaks fom the CHpO-hydrarone pesk, Conseguently,
these researchers observed the nepgetive inssrference coramsonky
experienced with silica gel DNFH canrdges The behavior of
.18 cariridges upon Oy exposuzy may abso depend upon ihe
OREH  reagent loadimgs & well & differences in the
nctadecylsilica substrase.

The C=18 data of the present sfudy, where no 0y scrabber
was employed, ane uselal = providing further evidence for a
possible artifact TH, O problem. A teat of the mechanism of the
0 imterference aen in the carridge resulis can be made wsing
thve spiioe test data. Reaotions (4} smd (5) repeescnt a possible
mchisism;

CH,0 + 24.DNPH — 0[CH:O by a5

Oy + LADNPH —» BICH 0], ns i)

Here @ is the fracbon of CHy(x present in the air which is
sctually dervatized and detected in the carmedge amalysis,
[CHx O raqy Tepresents a 2, d=dinatropheny] hydrazone deriva-
tive or an arlifact compoond which has & similar HPLC elatsan
time which = formed by the Oy caidatson of the hydrazine
reggesd, Hinge the IA4-DNFH & im lege oxcess in the
cariridges of idenncal peomemy, wigh bre exposed o Oy for
the smme perind of ome imoeach of the spike experimenis, one
gxpects the [CHy0Y op, Benemation o be propomicnsl o ke
[T If {4} and {5} are the only important sources of the CH0
derivative Formed, then one expects the dotl Y2 4-dinitro-
psayl hydrazone” detocied by the HELC mnalysis io be
grven by

4]

[CH ey = afCHIO rpgas + BO:] 61

and the ratia [CHO Ly ICH;0)rppag to be given by
[CH O [CH O s = 0+ BIOSICH Ol as (7}

Thaus if the Oy interference in the cammdpe method resulis from
reaction (%), one cxpecty o linear relaticnship 1o sxst berween
[CH Ol [CH Y i ag and [OyJTCHOhmias & plod of
theze variables is given in Figeee & The dsta from the speke
el usking the DMNPFH-C-18  cartridpes without an Oy
eerubbar  (iramgles) show a good  Bmear  relationship;
correlation pocfficent = 0.99, The & from the DMPH silica
castridges  {opes  carcles) show  linbe  inflesace of O,
cansisient with the removall of & large fractiom of Oy hy the 1ty
scrubber employed in this system.

Maole that the rwo largest valoes of the [0 JCHeO) ratio
in Figure & are fom oxperiments 4b and 5b of Table 1, which
wontained both Fy and dsoprens. Thas conceivably cowld
indicate that an additsmal mechasism of CHpO peneration
may be operative here: arifsct CHD penecaison formed via s
heweropencois Oy-Hoprene feieldm, calalyzed m the C-1E
canndge [Rodier and Ricks, 194] This possibiliny canmol be
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Figure B. The ralic of [CH;0| from the silea DNPH cariridgis
of MTE, employing & KI Oy scrubber {open ciscles) and C-18
[¥FH cartnidges of MTE, unscrebbed for Oy (sodid triangles)
to that from the TOLAS of NCAR ploted wersus the
[O9]TCH O e 45 mbo; solid Fnes sre the  [east sguares
tinear fas, while the shori-dashed lines give the mange for the
W% confidence lmits of the [#Ms. Elopes (£ Ig) of the plof for
the sibica DMNFH (unserubbed for Og) sme 0.022 £ 0000 (al
data); RO34 4 OO0 (only caperiments wilk mo isoprene
added].

imporani, sl least for the present conditions, since eliminatson
of alb of the data poinds in Figure B fir which Oy and isoprene
wien présend simultinceusly in the spike expomments leads to
thi same slope (i) within the experimental error for all data,
G022 £ 0001 2a); for mes withiu Oy and isopreme, 0029 £
{04 (). The near equaliny of the incescepts () of the C-18
and silica data plogs in Figure 8 (C=18, 0.54 * 0.02; siliea,
051 + 00Xy soggests that there is @ common underestimanon
{by abowi 50%) of CHyD by both these rechmigees, a
gamowhat  larger wnderostimation than suggested by the
shopes al the regressions in Figure & (pure CHy OV in mirl

This posioive mterference of afoss gecen kere in the C-18
canridge swdies is consisient wah cthit found m other reces
studies [Kleisdienst, privale communication, Parmier gnd
Lgarova, 199%; Falrgvamurthy o af, 199), ko ir i3
incomgiztend with the observations of Arabe and Tejada
[ [98Y) who repomied no interference fiom Oy {up 16 120 pphy)
wsing C- 1B cartridges. However, these investhgausrs appested
¥ have focosed on & negative CH30 mterference and may nat
Bavet dotecied the modest positive CHR O mdedference ihat
might have been present fin the relative high CHyOr levels
used in cheir soady.

An exuminaticn of resules fom expestments 1a, 2a, 3b, and
le (pure CH40 only) show & systensacie reduction in (CH3O
wabzes for both the silica gel and the C-1% careridges when
compared to the source values. These data sugpsst thal when
the D; izsue above 15 nof presemi, there & an usderlyisg
discropancy im the CHpO hydrazome calibration for esch of the
atlica amd C-1E MTE results, It is impontant to recogmize that
1he Echikque was A previously  validated wunder the
exvirpnmental condicions  of the inbercosnparisen site, in
pamicular under conditians where the aimaspheric pressure is
substantially less than one mmosphere (0.8 mm). The mass
fow controfler was calibrwied for molar mass fow of sir ab (ke
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home haboratory [(hasomemis  pressure 0013 mhar) with
carreeliong fon lempersture and pressure. A1 the intercam-
parison s, the mass flow was consistent with previous
peasurements, although the  wolume ow  through  the
cerridges was 25% hagher thas that noomally osed Thas
samples were collected 81 @ vobame flow of 1.3 L misr! versos
the pcamal Now used by MTE of LOL minc!, Bagad ca @ pesull
from previous sfudles, collection efficiencs were assamed o
be amaffecisd, slthough  they were not  isdependently
determined under the conditions st the inlercamparicos slte.
Like Mse combinuons meibods, the citridge meassements
may be avetesnatically low dun b CHRO losses, incomplete
comversiom 1o the DWPH  derivative, andfor incomplate
extraction. Recognizing the potestial for such unrecognived
systematio errors when using the CHyOr bydrazone calibration
direzily, the samples withoul lerferences sdded (oxperiments
le, 2o, ¥, 1cp were adopied & the basis for genersting & gas-
phase calibration curve for each type of cariridge. For this
deiermination, the TDLAS (MCAR) valus was feken & the
pas-phase CHa0 assay vaboe, and a new calibraton curve was
derermined for both the sifica gel and the C-18 substrates; see
Flgures #a and &b (dashed linee)h For  silica  gel,
[{.-Hlﬁl.h:-m' 0.0 20,07 + (076 & Q0% [CHyOhmpypass
for C-18, [CHDcpypqrm = 007 £ 0011 2 (071  0.04)
(M3 ypras Thas il i seen from these data aliome thal the
response of bogh the MTE silica wed the MTE C-18 cartridges
to [CH,O] is sbout 25% less than that expecied. The use of
these now cabibestbon curves should pormove the effect of
syiteimane erors Som the CHpD hydrazome  desermimadion
exclysive of chemical imterferences. The procedures employed
previpusly using the calibradios curves derived fom gas-
phiss regressions can be bested for mierferamts, in cases where
apoee is not pEresent {Fuch &1 In experiment Zh) as well & in
cases where the scrubber ie Bewng operatsd im a higher
humidicy regime (such &8 in experiments 5c and &) For
exsmple, in sample Ib the eorrected CHyO valoe for C-18 By
inwerting the tegression equation = LIE x 021 pphvi
simmilarly, the eomected CHpO valoe for silica gel s 122 &
D11 ppby, Thess vabses compare to the NCAR souree valar of
1.2% ppkv and the TOLAS (HCAR) valee of 1.3 ppew. This
single duts poird would suggest dhar these carridges do not
ghoe am interferesee for MOy and 50y af concendrations af ar
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bebow normal simospheric bevels, of the gas-phase CH;0
calibration is vsed.  When (b megresssnn equalion is applicd
in samples 5c and fc for the CHz0 messsrement by aliea gel,
the CHyD values of 323 £ 0.13 ppbv (mmple 5¢) and 5,10 1
0,13 ppbv (sample fe) gre found, These values are reasoeably
comalsient with the WCAR source (5.25) and TTILAS (543 =
0,14) valees for these samples. By costrast, when the
regressinn for the CHyO gas phase calibrstion is applied 10
ihe data from the C-18 carridges where no Oy scrubber was
employed, CHyO values of 725 £ 030 and 644 1 0.30 ppby
are found for samples G end fe, respectively. Comgarison of
these valugs ta an average of the BCAR source asd TOLAS
values shows the comected values to be higher (by 30 and
19%, respectively) saggesting  again a positive  oxone
imderference i presens for the C-1R cafridges when nsing the
gak-phase calibrution and no Oy gerubber, Possibly, the wss
of & K scrubber with the C-1% canridges would bave rendered
C:H 0 vaboes claser fo (he sowrce valses

Ambient sampber. The smblent data from the cartridge
experiments aro summarized in Tebles 4 ond 5 and Flate 1 and
Figare 9. Arbient cartmdge-TDLAS comparison must be
analyzed in lerms of he different types of cariridge behavier
just deseribed, To susmerize, DNPH-SGCs, when med with &
K1 O serubber and with [H0] = 5000 ppev, ane expected 2o
yiold eorrect CHyO concentrations when calibrsted using &
pas-phise source. By contrast, C-18 canridges, which do not
trpicelly employ Oy scrubbers, exhibit two different types of
behavior depending wpon the st of [ P[CH,0): ab low
rafics indicative of kigh smbient [CHyO), there dors nod
appear to be & poaitive amifact CHyO fom the numeer of
poterdial causes, Only the same calibration issug a8 the SGCs
appears io be important here. At high ratios indicstive of low
ambsria [CH50] endior kigh [04], Figere ¥ shows & defimite
positive bisg In sddition fo the calibesthon lssue. Thus by
employing C-1% cartridges, ome may arrlve 2 the oormect
angwer in cenmin circumsiances fom the cencellalion of »
combisation of opposing errors, The rafios of the ambichl
[CH3(] measwred by silica and C-18 MTE carmidges (without
usimg NCAR standards) fo that measered by the TDLAS
{zobomns & and 7 in Table 5) smggest that when the usual
CHa hydrazone calvbration is ased, the best carmdge redulia
are found with the MTE C-18 cartridge technique; the average

Table 4, Compartscn of Ambient [CH,0] As Measured by "WSL Scientss Uing
5ilica Carmidges Coated With DWEFH and NCAR TDLAS Measuremests Averaped

Crver Same Time Period
[CH Ohyg IOl as (CH Dby 1 OOy ag
(WS Ay Firl Reponad, (WS Comected
fane 1, 1995 Beplembes 15, 1995)
Qarmgle pennd
| 200-13.85, Ranie ] ns% 050
| & 1525, Rane | na¥ 157
V6001 T 02, Rerie 1 01z 1 3k
1.00-21.013, Jeri | 086 142
21.47-00.96, Jene 1-2 4 | &9
31 0006 95, Jene 2 04 | 49
7 0050 95, June 2 047 0.7
¥0.00-11.95, Jene 2 044 73
42001195, June 2 040 47
10017 67, June 2 043 42
Average, $15 0.£5 & 014 106+ 0L
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[CHLOY ks PPDV, period average
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Figure 3. Regressioni of the DNPH-cariridge data Soen Che
armbient mir measusemenis of MTE and WSU versus those
measared for ratched time pericds by the TDLAS system of
MWCAR The lnes shown are the bivariant leasl squarss fics of
the data. The twe regression limes shown for the C-18 DNFH
cartridge data of MTE (Figure %a) cormespond 1o fies using all
of the || measuremend periccds (Bhick solid line; y = 096 £ 0.13
o (064 £ 0.06)) and a fit in whick the bowest daka point (lLast
reessnrement period) was discarded (dashed Eine; p = DEF &
GL1T + (LGB £ 0.07kx), The regression line for the silice DHPH
canridge data of MTE {thin 1ine) is given by y = 016 £ 0.12 +
{0,782 Q.05 In Figeme S the apen friangles ame the silica
DNPH-cartridge data s originally reported by WSLI, while
the solid trissgles are the same data as recalculated 4o remove a
flow rale measusement problem wheeh was detecesd after the
origingl report o the referces, The thin horizontal lioes
thrsagh the dits poimts show the mange of [CH,O) values
okserved by the TDLAS dwring esch of the carindgs
messurement lime perinds The thick solid line and the dashed
kine are, respectively, the weighted, bivariand, least squres fits
w the data as origmslly reporied and with the correcied
girflow (hrongh the carridges (v = 240 £ 03 + [0.02% £
B0 %x).

[CH,O0)sscansuy POV
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ranio = 1.10 £ BIE, The C-18 daea slio oock the TDLAS dats
reasonabhy well, as seen in Flate 2a (hloe squares asd linegh
but there is a significen devistion (factor of 2.25) sten during
the last measurement penod. This final measunasint peried is
coincidint with & maim event that cccurred during the sampling
pericds 11 82-17.62 Jane 2 and 17.92-20.52 lune 1 An
gxamiration of Plate 2 shows, sceoading 1w the TOLAS
(MCAR) dets, & precipitous drop (5 te {"H ;0 comceniration
hermeen 39 amd A0 howrs {ie, 4001600 June 2). However,
an examication of the ceone profiles during this same period
shiws the ozone concentratios te remain within the mnge 45
and 60 ppby. The plod in Figure & suggesis that ander these
codlitions {0, ICH0] (=609, the C-13 measuremenis
should ke 50-60% higher than the TDLAS valoes during 1he
lagt sembient measarement period.  From ibe daia m Teble §, 18
CH; 0 value from the C- 10 cantridge was 54% higher than that
from the MCAR TDLAS. Thus even wedder smbient comditions
the prone imterference in C-18  gywlem 8 appareni
Comeeivably, the mesalis of Figure & cold bhe used fo gencrate
correction Fasiors o secoust for dhis interfererce amd ibo
calibration aseies.  Hiowewes, more work s required o
imvestigate the effet of carridge loadings and differorces in
the octadecylzilica sshstrate before ome can make meaninghil
penerulizaisons comceming the effects abserved with other C-
1% castradges.

Witk the exclusmion of the Jdsta fron the last ambilent
izasurement period {1792 1o 20.%2 howrs June 23, all otser £-
I1& DWPH carridge date (MTE} wseng the hydrazone
calibration are within  20% of the TIMAS sversge The
repoerted dats from the sariridgs experiments, plotted wersus the
average [CH;0] shserved ower the same pericd by the TDLAS
(MCAR) in Figure Ya, tell & different siory. The C-18 data
(MTE]} show a reascnahbly good comelation with the TDLAS
measarements, bat the small slopes and large mivrcepds = the
regression plot = Figure 9a seggest that ihere are some
problems with this measurerend teckmigies, probahly related
1o the effiect of seans: [CHO g gy = 0.9 & 0,13 + (064
0061 CHOrpeas. Thes slope is mock smalles than that foumd
in the regression of the spike data. § skould be mobed,
hawewver, that the single lowest poant in the MTE C- 18 versas
TOLAS plor {Figare 9a), has an inosdinate influence on the
slope mnd interceps in thas case. B one removes this poind, the
rematning duis give the regression: [CHyO ) g = 0BS54
0,17 + ke & 00V CHO)rppas- For this scensnio the glope
compares somewhat better with that found from the gpike dama
{078 + 0u02).

The ammbient dats meassed by the MTE gilica cartridge
{with O scrabber) using the hydrazone calibrutsan iracks the
daga from the TDLAS (black curves) reascoably well m Plaie
b {Blue circles and |mes), kot they are sigmificantly lowses
than the TRLAS data. fn this case, the average ratio
[CH I jiuired ICH O hppas = 0.70 £ B4, the regresiion
gives [CHy Mgy = 006 £ 012 + (073 & Q03)
[CHy O rpeas These dats arm highly comsistent with ihe
manifold measurements dsing the hydraeose calibraton,

Towever, il the dsa s corectsd wiimg  the CHO
gas-phasze calibraison geven above, velues shown  under
colurmn 5 of Table 5 are delermiced. | this cise, the average
ratio [CH DM apicaprray [CH O brppag = 085 £ 005, Alibough
the Dy CH 0 ranin changes comsidenably during the ambient
memturementd, the tight standard devistion by esther ibe
hydrazone calibration or the NCAR gas phase calthration
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suggesis that there is no inberfering infbeence fum opone
These dafa are shawn graphically m Flste I fred pomia and
lime=<), An exammmstion of Plaie Ta indicses that the C-18 dats
using the gas-phase calfwarion {red corves) sre sysiematically
higher than the TDLAS (NCAR) CH,O dwa (black corves).
Apain, the gregtest deviation of mone than a fctor of 2 oocors
for the kg ambsent persnd where the Oy/CH;O matio is
approvimately &0, By contradd, the silica gel cartridge dma,
comecied by the MCAR gas-phase standards, gives agrecmend
witk the iniegreted TDLAS mecasurements to within + 5%
daring the measurement perinds,

The scacier in the silica casridge dals of WSU in the
regressions for the spike expenimenss (Figare &) rondered
nezaningless similer recaleolation of the ambient dala based
upon the RCAR standards. The WEL! silica canridge data fom
the arvhicnl measurerments (o originally reponied and &a
correcied for the originel ermor im the flow measurements) e
tomnpared wilh e TDLAS (MCAR) in Table 4 and Plade 2c
aeed Figore 9h, Abhcugh the sverape matio fir the corrected
dete appeats o be reasorable, [CHO mcapwsid [CH0bmaag
= 106 £ 0.29, che regreesion of the meansremenis agaiost ke
TDLAS time-matohed ambient dete shows no oorclabion, ke
slops of the regresssons is near zero, and there arg kirge
poselive  milercepls for bath the original and the corrected
slzal WSl ambien data: [CHyOL apwsin cormics = 2480 +
12+ (0029 + QMY{CH:rnpss. As in the spike
campendons, the reasons Jor this are unclear. The results can
be rationaltzed qualitstively if wme comiaminstion of the K1
scrubber for & snidior smalll leaks around the carirdge scals
exizted during these messsrements which allowed trailer air 10
be pulled inco the carmdpe

. Conclusions

The inteseomgurison of @x different formaldebiede method
techaiques has besm carrisd oul using bath spiked samples of
CH0 in Asdeo zero aar and in ambient awr near NCAR in
Boulder, Colorads The CH,0 referemce msihad was the
TOLAS sysiem of NCAR, end the siendards employied were
verified wsing four independesi methods. Mixoores of CHyO
with added trace gasss (MOs, S0, isoprems, Oy, HaOY were
propared 1o fest for possible inserferences in che wnalvics
Blind sralyses of the samples were made using three wery
differesa, rapid iesponse {minule), cosdimuous methods of
meastiemenl which wem cormpared with  the resufts of the
TDLAS system asd the NOAR soinee inpists: the Brookhaven
Matiomad  Laborminey  cofl 3 d-dinitrophenylhydrazine
(CLINPH) sysiem; the Texass Tech Universay syelohexadiones
diffusion scrobber (CHIHDS) method and the Univessity of
Rhinle 1sland coil enzyme (CEMZ)] method. The analyimcal
results from the spike resulis as reported to the referee shawed
rah omelabons witk the TOLAS measvremests, However,
the shsolste walies of the [CH30) were sbout 21 + 1% below
the THLAS dita m one case (COMPHE, M4 £ % above in
anther (CHDTE), and 27 # 1% below in the other (CEMNZL

For ambsent measrements i matched nmes during the first
measarement perind, the average rasios WHJ':']:"EH:I':']TDLM
{2 o were 0HS £ 012 [I:THPHL 1300 & Q15 (CHDDSE), and
A3 = 0RE (CEMNZ, first penod). Again the diferent dala sets
macked one snother guite well The results of amalyses of a
Blind Hgwid phase CHyO stamdard by cach group gave very
samilar resules, 5o the differemees sean in the gas-phase CHO
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-0.5 0.0

Figere 1. Hisograms of the Ffactional differences, & =
CH O igoaep = CH 0 rop s MICH; 0y as for the penods of
amhbient CHpO messurement. The statstics of the Gaussian fies
for the CONPH versus TOLAS, CHODS versus TDLAS, and
CEME wersus TOLAE data for the fiess period are. respectively,
average, -0 11, 0,36, -0.34; &, 0, 0,09, 0,06 median, 0,11,
035, 0,34 made, -0002, 035, -0L35; pairs of poimis, 194, 224,
I13. Forthe & digiribution of the CENE versas TDLAS data
during the second pericd, average = -0.53, 0 = 014, median = -
0.53, mode = 054, mamber of pairs of poinds = 49 Thess
CEMZ versus TDLAS second period results were comected for
TDLAS calibration spikes.

measarements seemed to snse legely fom unceraingy o the
collection efficiency of the coils (CIMPH, CEMT) or diffasion
serubber (CHDDS) used in che instroments.  Two of the
ambiesd  measurements  {CONPH,  CHDDS)  compared
reasonably well with the TDLAS data when the blind
standard samples deis were ohed o comed for calibration
differences. The thard set of mescurements (CENZ) was
improved significantly, but on the sversge, it 2l remaimed
pgnilcanily lower than the TDLAS. For msasuremiens at
maiched time perboacds during the 12-42-hour pericd (Place [}
the average mibd [CHOACH;Olypg as are 104 £ 0,14
(COMFH], 100 £ 0,01 (CHDDS), and 0,82 + 0,08 {CENE, first
pericd).

The agreement hetaeen measurements of the continuows
measurement methods and TDLAS det (¢ summasized well in
Bistograme (Figere 107 that show the fractions] diMererces, § =
UCH Y g = [CH Mo asbCH Ok s, The mesialis  are
shown for COMPH (BML) sand CHDDE (TTUG in the first
penmd ind CEMZ (IFRI) resulis for the first and a subsecion of
ihe: gecond period fom 42 w0 56 hows (L8500 Juse 2w OROO
June 1) wigh the data Trequemcy mormallized o 161 coingident
deis pasrs. This secomd period was chamcierized by persisient
i, and 0 was well after the shtdoss pericd of the other
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instruenents. The plot shews  the hislograms of ihe dara
{shaded barsd snd & fisied Gawssian fonction (black curvel The
stgiistical informaticn is given |8 the caption. The CONPH
and CHDDS bistograms show standard deviatsons [0 of 8 and
9%, reapectively, The near collecation of ihe awerage, the
median, and the mode {ig, the mest probable walee) suggests
symmetry in the digtibutions and therefore mesily mandam
differences. Tor ihe URID histopram b the diest period  of
asureent the disiribution & aliy gywmetnc bub B oo
peaked than the CONPH and CHDDS diserhuisons with a 0 =
%,

afier elimimating the TDLAS calibration spikes, the &-
disshution for the CENE hisiogram Som the second period
shows o degradation of the agrecment seen in the first period
with & shifl 1p mare negative values, the averape, median, and
mode mme no Mnger collocated, and the @ i increased by a
farctoe of 7.3, The cause of ihe decreased level of agreement is
mot clear. With caly Peo insements opeating, it i mol
possibile to mscertam which msirunesd capenenced a change,
or cven if both imsirumenis changed. The second measurssent
perind comstilubes & mane siringenl 11 than the firsl =inge ke
conceniratons of formaldehyde sne shout a factor of 4 lower
thar those of the first period, and it was o perod of persistent
min,  Conceivably, such  conditfons  could  magnify
significantly differences in the two islet systems Clearly, this
sudy leaves enanswered (ssues concemning fhe influence of
moisture on. indef systesng during the arabysis of low CH0
ComEENrations in mdaist &ir,

I view of s resalis it is highly recommended 10 Those
who measere ambieni formaldehyde eoncentrations. in the
future ihat their insimumenis be calibratzd ot the measremesd
sile using gas-phase standards inbreduced ol the EnEtrumend
air inlet, even thoagh liquid standerds am osed as well to
fodlow the liuid-phase portion of the mstrament performance.

Two chiferent DMPH carirdge fechniques were slso used
in ihe imecomparison 1o determuine aversgs concentraiions
over long sampling perods (hoursk  silics gel DNPH
partridges. with a Kl Oy sorobber (Washingion Stae
University) and bath the silica gel DNFH carridges {with 0y
scrobber] amd the C-13 [DOWPH  cartridges {widh no Oy
scrubher) (ManTech Envbrommental). Widh the use of the
CHs0 hydrazons calibration, the MTE C-18 and sifica gel
cartridge measurcrments showed a ressonable comelation with
the TDILAS measurements, alihiough the resubts from the MTE
gilica camridges were shout & factor of 2 bulow the standards
in the symahelic matin expenment, and in the ambseni dala
they were 354 below the TOLAS measirements, The present
dats suggesi cthat much of the difference hebwesn the MTE
silics g cartridges and the TDLAS revults cam be atiribianed
1o differemces in the eilibration. When the MCAR gas-phase
spike dain are employed to calibrate the pmibient measupimEii,
the results From the silics gel cartridpes and the TDLAS are the
samie withim afciiicl uncersinty. 'When the sme gas-phise
calibration w3 used with the C-1E cartridges, the results
showed & positive hias of spproximately 607, presumakbly
reflecling & positive coone interfarence m this case (no O
serghber was used) The WU silica cantridge resulis were
highly scattered and showed no significent cormelation with
the TDLAS measurements. Comtaminktion of the 0y serubber
andsor eakage of trailer air into the carridge Tlow may have
been a problem with he WSL! imstrumend, Is wiew of these
rusiily abane, if is recommended thal even fior integrated bong-
time {hours) ambsent [CH;0] measorements, sp:ifie

GILFIN ET Al.- [CHyO0] MEASL REMENT TECHNMJUE INTERCOMPARIZON

validatbon iests for Dow imiegrity, collestion efficiency,
Dy-semndbber efficiency, and possible contaminalson of ke Kl
scrubber ba comducted dusing  the  shedy. Uslike the
confionees CHyO methods used in this sedy, the cariridge
tzchnéques are blind during the collection peocess, and rapid
anAlysia of selected ammples would be Beneficial io endire
pyalem integrity. In additon, questioes reeain sbout the
crigin of positive mierferences in [CHy0Y] measmrements by
the C-18 techmigos by (6. Also, it is clear thet g informatios
which these cariridge techniques can provide om the e
dependence of the [CHO) is sericusly timited, expecially for
gmbiznt concenirmtions in the high pant per erillion by woleme
to bow part per billicn by wolume eange. The time resplution,
sensilivity, &nid precision of the cirtridge systems are less than
that possibis with any of the four continuous meeikods nsed in
thig study, The scouracy of the cariridge techniques (o
e prated, long time pesiods of hours) mey not be inherently
worse than that of the continuoes meéthests

The intercompariscn program hes demonsirated that a field
grs-phase calibration is  essential  for acoomate  CHLO
deierminstione. Fach of the monbioring  systems  wiilized
specific  collection,  scparsiiom,  andior  dérivelization
procedurcs that connct be sssemed 1o be 100%  efficient,
pspucially when not previewsly validated under the exact field
comditions.

We recognize that unceraleiizs in meassremests of iraco
gases can result from both instrument errar and operator ermor
a5 wedl as fom fisdasnentad biases of the technigoe (soch a8
interferences). Alhough it may be presumplive to judge
whesher a given sechnique is sound and appropriate from the
results of o single intercomparison, the participants in the
corment nlercomparison are expericnisd in the wse of sheir
megsurgmend  techmigoes;  their  resubis  are  probably
representative of these which would be determined by other
experienced (nvestigators using the same technsques, and the
problemns observed here are probably representative of those
which will be encoumered by othes
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